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POWER SEMICONDUCTOR DEVICE 
FIELD 

[ 0001 ] This specification refers to embodiments of a 
power semiconductor device and to embodiments of a 
method of processing a power semiconductor device . In 
particular , this specification refers to aspects of a overvolt 
age protection power semiconductor chip and to embodi 
ments of a power semiconductor device switch , as well as to 
embodiments of corresponding processing methods . 

BACKGROUND 
[ 0002 ] Many functions of modern devices in automotive , 
consumer and industrial applications , such as converting 
electrical energy and driving an electric motor or an electric 
machine , rely on power semiconductor switches . For 
example , Insulated Gate Bipolar Transistors ( IGBTs ) , Metal 
Oxide Semiconductor Field Effect Transistors ( MOSFETS ) 
and diodes , to name a few , have been used for various 
applications including , but not limited to switches in power 
supplies and power converters . 
[ 0003 ] Apower semiconductor device usually comprises a 
semiconductor body configured to conduct a load current 
along a load current path between two load terminals of the 
device . Further , the load current path may be controlled by 
means of an insulated electrode , sometimes referred to as 
gate electrode . For example , upon receiving a corresponding 
control signal from , e . g . , a driver unit , the control electrode 
may set the power semiconductor device in one of a con 
ducting state and a blocking state . In some cases , the gate 
electrode may be included within a trench of the power 
semiconductor switch , wherein the trench may exhibit , e . g . , 
a stripe configuration or a needle configuration . 
[ 0004 ] It is usually desirable to keep losses , e . g . , switching 
losses , on - state losses during a conducting state and off - state 
losses during a blocking state of the power semiconductor 
device low . 
[ 0005 ] Further , a power semiconductor device may be 
designed to continuously operate under nominal conditions , 
according to which , e . g . , a load current does normally not 
exceed a nominal value for more than a predetermined time 
period , and a voltage applied between the two load terminals 
does normally not exceed a nominal value for more than a 
predetermined time period . 
[ 0006 ] It is usually tried to avoid that the power semicon 
ductor device becomes subjected to a voltage significantly 
higher than the nominal blocking voltage it has been 
designed for , regarding transient state ( e . g . , switching ) situ 
ations as well as continuous blocking state situations . To this 
end , some overvoltage protection concepts have been devel 
oped in the past , one of which is generally known as 
" clamping ” . For example , a so - called Transient Voltage 
Suppressor Diode ( TVS Diode ) can be used in order to 
reduce transient overvoltages that may occur during a tran 
sistor switching operation . 

optionally include at least a portion of a recombination zone . 
For example , the first doped region can be an anode region , 
e . g . , an anode region of an overvoltage protection power 
semiconductor chip . Or , the first doped region can be a body 
region , e . g . , a body region of a power semiconductor switch . 
10008 ] According to an embodiment , power semiconduc 
tor device includes a semiconductor body coupled to a first 
load terminal and a second load terminal . The semiconduc 
tor body includes : a first doped region of a second conduc 
tivity type electrically connected to the first load terminal ; an 
emitter region of the second conductivity type electrically 
connected to the second load terminal ; a drift region of a first 
conductivity type and arranged between the first doped 
region and the emitter region . The drift region and the first 
doped region enable the power semiconductor device to be 
operated in : a conducting state during which a load current 
between the load terminals is conducted along a forward 
direction ; in a forward blocking state during which a for 
ward voltage applied between the terminals is blocked ; and 
in a reverse blocking state during which a reverse voltage 
applied between the terminals is blocked . The semiconduc 
tor body further includes a recombination zone arranged at 
least within the first doped region . 
[ 0009 ] According to another embodiment , a method of 
processing a power semiconductor device is presented . The 
semiconductor device includes a semiconductor body 
coupled to a first load terminal and a second load terminal . 
The semiconductor body includes : a first doped region of a 
second conductivity type electrically connected to the first 
load terminal ; an emitter region of the second conductivity 
type electrically connected to the second load terminal ; a 
drift region of a first conductivity type and arranged between 
the first doped region and the emitter region . The drift region 
and the first doped region enable the power semiconductor 
device to be operated in : a conducting state during which a 
load current between the load terminals is conducted along 
a forward direction ; in a forward blocking state during 
which a forward voltage applied between the terminals is 
blocked ; and in a reverse blocking state during which a 
reverse voltage applied between the terminals is blocked . 
The method includes : forming , in the semiconductor body , 
a recombination zone arranged at least within the first doped 
region . 
[ 0010 ] 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 
[ 0011 ] The parts in the figures are not necessarily to scale , 
instead emphasis being placed upon illustrating principles of 
the invention . Moreover , in the figures , like reference 
numerals designate corresponding parts . In the drawings : 
[ 0012 ] . FIG . 1 schematically and exemplarily illustrates a 
section of a horizontal projection of a power semiconductor 
device in accordance with one or more embodiments ; 
[ 0013 ] FIGS . 2A - 2B each schematically and exemplarily 
illustrate a section of a vertical cross - section of power 
semiconductor device in accordance with some embodi 
ments ; 
[ 0014 ] FIG . 3 schematically and exemplarily illustrates a 
section of a vertical cross - section of a power semiconductor 
device in accordance with one or more embodiments ; 
[ 0015 ] FIG . 4 schematically and exemplarily illustrates 
each of courses of dopant concentrations and a course of an 

SUMMARY 
[ 0007 ] Aspects described herein relate to ( without being 
limited thereto ) to a semiconductor structure having a pnp 
configuration with the p - doped sections being electrically 
connected to a respective load terminal . The p - doped section 
being electrically connected to a first one of the load 
terminals , referred to as “ first doped region ” herein , may 
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field along a vertical direction within a semiconductor body 
of a power semiconductor device in accordance with one or 
more embodiments ; 
[ 0032 ] FIG . 20B schematically and exemplarily illustrates 
a course of a crystal defect concentration along a vertical 
direction within a first doped region ( e . g . body region ) of a 
power semiconductor device in accordance with one or more 
embodiments ; 
[ 0033 ] FIG . 21 schematically and exemplarily illustrates a 
section of a horizontal projection of a power semiconductor 
device in accordance with one or more embodiments ; 
[ 0034 ] FIG . 22 schematically and exemplarily illustrates a 
method in accordance with one or more embodiments ; 
[ 0035 ] FIG . 23 schematically and exemplarily illustrates a 
section of a vertical cross - section of a power semiconductor 
device together with an electrically equivalent circuit dia 
gram in accordance with one or more embodiments ; 
0036 ] FIG . 24 schematically and exemplarily illustrates a 
section of a vertical cross - section of a power semiconductor 
device in accordance with one or more embodiments ; and 
10037 ] FIG . 25A schematically and exemplarily illustrates 
courses of dopant concentrations and a course of an electric 
field along a vertical direction within a semiconductor body 
of a power semiconductor device in accordance with one or 
more embodiments ; 
[ 0038 ] FIG . 25B schematically and exemplarily illustrates 
a course of a crystal defect concentration along a vertical 
direction within a first doped region ( e . g . body region ) of a 
power semiconductor device in accordance with one or more 
embodiments . 

electrical field in a power semiconductor device in accor 
dance with one or more embodiments ; 
[ 0016 ] FIG . 5 schematically and exemplarily illustrates a 
section of a horizontal projection of a power semiconductor 
device in accordance with one or more embodiments ; 
[ 0017 ] FIG . 6 schematically and exemplarily illustrates an 
equivalent circuit of a power semiconductor module com 
prising a power semiconductor transistor and a power semi 
conductor device in accordance with one or more embodi 
ments ; 
[ 0018 ] FIG . 7 schematically and exemplarily illustrates 
operating ranges of a power semiconductor module com 
prising a power semiconductor transistor and a power semi 
conductor device in accordance with one or more embodi 
ments ; 
[ 00191 FIG . 8 schematically and exemplarily illustrates a 
section of a vertical cross - section of an inactive edge region 
of a power semiconductor device in accordance with one or 
more embodiments ; 
[ 0020 ] FIG . 9 schematically and exemplarily illustrates a 
section of a horizontal projection of a power semiconductor 
device in accordance with one or more embodiments ; 
[ 0021 ] FIGS . 10 - 11 each schematically and exemplarily 
illustrate a section of a vertical cross - section of a power 
semiconductor device in accordance with some embodi 
ments ; 
[ 0022 ] FIG . 12 schematically and exemplarily illustrates a 
section of a horizontal projection of a power semiconductor 
device in accordance with one or more embodiments ; 
[ 0023 ] FIG . 13 schematically and exemplarily illustrates a 
section of a vertical cross - section of a transistor cell of a 
power semiconductor transistor in accordance with one or 
more embodiments ; 
10024 ] FIG . 14 schematically and exemplarily illustrates a 
section of a vertical cross - section of a power semiconductor 
device including a transistor cell in accordance with one or 
more embodiments ; 
[ 0025 ] FIGS . 15A - 15B each schematically and exemplar 
ily illustrate a section of an integrated power semiconductor 
module comprising a power semiconductor transistor and a 
power semiconductor device in accordance with some 
embodiments ; 
[ 0026 ] FIG . 16 schematically and exemplarily illustrates 
steps of a method of processing a power semiconductor 
device in accordance with one or more embodiments ; 
[ 0027 ] FIGS . 17A - 17B each schematically and exemplar 
ily illustrate a section of a vertical cross - section of a power 
semiconductor device in accordance with one or more 
embodiments ; 
[ 0028 ] FIGS . 18A - 18B each schematically and exemplar 
ily illustrate a section of a vertical cross - section of a power 
semiconductor device in accordance with one or more 
embodiments ; 
[ 0029 ] FIG . 19A schematically and exemplarily illustrates 
a section of a vertical cross - section of a power semiconduc 
tor device in accordance with one or more embodiments ; 
[ 0030 ] FIG . 19B schematically and exemplarily illustrates 
a course of a crystal defect concentration along a vertical 
direction within a first doped region ( e . g . , a body region of 
a power semiconductor device in accordance with one or 
more embodiments ; 
0031 ] FIG . 20A schematically and exemplarily illustrates 
courses of dopant concentrations and a course of an electric 

DETAILED DESCRIPTION 
[ 0039 ] In the following detailed description , reference is 
made to the accompanying drawings which form a part 
hereof and in which are shown by way of illustration specific 
embodiments in which the invention may be practiced . 
[ 0040 ] In this regard , directional terminology , such as 
“ top ” , “ bottom ” , “ below ” , “ front ” , “ behind ” , “ back ” , “ lead 
ing ” , “ trailing " , " above ” etc . , may be used with reference to 
the orientation of the figures being described . Because parts 
of embodiments can be positioned in a 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 . 
[ 0041 ] 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 appended 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 . 
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[ 0042 ] The term “ horizontal ” as used in this specification 
intends to describe an orientation substantially parallel to a 
horizontal surface of a semiconductor substrate or of a 
semiconductor structure . This can be for instance the surface 
of a semiconductor wafer or a die or a chip . For example , 
both the first lateral direction X and the second lateral 
direction Y mentioned below can be horizontal directions , 
wherein the first lateral direction X and the second lateral 
direction Y may be perpendicular to each other . 
[ 0043 ] The term " vertical " as used in this specification 
intends to describe an orientation which is substantially 
arranged perpendicular to the horizontal surface , i . e . , paral 
lel to the normal direction of the surface of the semicon 
ductor wafer / chip / die . For example , the extension direction 
Z mentioned below may be an extension direction that is 
perpendicular to both the first lateral direction X and the 
second lateral direction Y . The extension direction Z is also 
referred to as " vertical direction Z ” herein . 
[ 0044 ] In this specification , n - doped is referred to as “ first 
conductivity type ” while p - doped is referred to as “ second 
conductivity type ” . Alternatively , opposite doping relations 
can be employed so that the first conductivity type can be 
p - doped and the second conductivity type can be n - doped . 
[ 0045 ] In the context of the present specification , the terms 
“ in ohmic contact ” , “ in electric contact ” , “ in ohmic connec 
tion ” , and “ electrically connected ” intend to describe that 
there is a low ohmic electric connection or low ohmic 
current path between two regions , sections , zones , portions 
or parts of a semiconductor device or between different 
terminals of one or more devices or between a terminal or a 
metallization or an electrode and a portion or part of a 
semiconductor device . Further , in the context of the present 
specification , the term “ in contact ” intends to describe that 
there is a direct physical connection between two elements 
of the respective semiconductor device ; e . g . , a transition 
between two elements being in contact with each other may 
not include a further intermediate element or the like . 
[ 0046 ] In addition , in the context of the present specifi 
cation , the term “ electric insulation ” is used , if not stated 
otherwise , in the context of its general valid understanding 
and thus intends to describe that two or more components 
are positioned separately from each other and that there is no 
ohmic connection connecting those components . However , 
components being electrically insulated from each other 
may nevertheless be coupled to each other , for example 
mechanically coupled and / or capacitively coupled and / or 
inductively coupled . To give an example , two electrodes of 
a capacitor may be electrically insulated from each other 
and , at the same time , mechanically and capacitively 
coupled to each other , e . g . , by means of an insulation , e . g . , 
a dielectric . 
[ 0047 ] Specific embodiments described in this specifica 
tion pertain to , without being limited thereto , a power 
semiconductor switch exhibiting a stripe cell or cellular cell 
configuration , e . g . , a power semiconductor device that may 
be used within a power converter or a power supply . Thus , 
in an embodiment , such device can be configured to carry a 
load current that is to be fed to a load and / or , respectively , 
that is provided by a power source . For example , the power 
semiconductor device may comprise one or more active 
power semiconductor cells , such as a monolithically inte 
grated diode cell , e . g . , monolithically integrated cell of two 
anti - serially connected diodes , a monolithically integrated 
transistor cell , e . g . , a monolithically integrated IGBT cell 

and / or derivatives thereof . Such diode / transistor cells may 
be integrated in a power semiconductor module . A plurality 
of such cells may constitute a cell field that is arranged with 
an active region of the power semiconductor device . 
[ 0048 ] The term “ power semiconductor device ” as used in 
this specification intends to describe a semiconductor device 
on a single chip with high voltage blocking and / or high 
current - carrying capabilities . In other words , such power 
semiconductor device is intended for high current , typically 
in the Ampere range , e . g . , up to several ten or hundred 
Ampere , and / or high voltages , typically above 15 V , more 
typically 100 V and above , e . g . , up to at least 400 V or even 
more , e . g . , up to at least 3 kV . 
[ 0049 ] For example , the power semiconductor device 
described below may be a semiconductor device exhibiting 
a stripe cell configuration or a cellular ( columnar ) cell 
configuration and can be configured to be employed as a 
power component in a low - , medium - and / or high voltage 
application . 
[ 0050 ] For example , the term “ power semiconductor 
device ” as used in this specification is not directed to logic 
semiconductor devices that are used for , e . g . , storing data , 
computing data and / or other types of semiconductor based 
data processing . 
[ 0051 ] FIG . 23 schematically and exemplarily illustrates a 
power semiconductor device 1 together with an electrically 
equivalent circuit diagram in accordance with some embodi 
ments . The power semiconductor device 1 can for example 
be implemented as a power semiconductor switch ( as exem 
plarily explained with respect to FIGS . 17A - 22 ) or as an 
overvoltage protection power semiconductor chip ( as exem 
plarily explained with respect to FIGS . 1 to 16 ) . 
[ 0052 ] Hence , it shall be understood that everything of 
what is described in the following with respect to FIG . 23 
may equally apply to all the embodiments described with 
respect to the other drawings . 
[ 0053 ] The power semiconductor device 1 comprises a 
semiconductor body 10 coupled to a first load terminal 11 
( e . g . , an emitter terminal , an anode terminal or a source 
terminal ) and a second load terminal 12 ( e . g . , a collector 
terminal or a drain terminal ) . The semiconductor body 10 
includes : a first doped region 102 ( herein also referred to as 
body region 102 or anode region 102 ) of the second con 
ductivity type electrically connected to the first load terminal 
11 ; an emitter region 1091 of the second conductivity type 
electrically connected to the second load terminal 12 ; and a 
drift region 100 of the first conductivity type and arranged 
between the first doped region 102 and the emitter region 
1091 ; where the drift region 100 and the first doped region 
102 enable the power semiconductor device 1 to be operated 
in : a conducting state during which a load current between 
the load terminals 11 , 12 is conducted along a forward 
direction ; in a forward blocking state during which a for 
ward voltage applied between the terminals 11 , 12 is 
blocked ; and in a reverse blocking state during which a 
reverse voltage applied between the terminals 11 , 12 is 
blocked . 
[ 0054 ] The semiconductor body 10 may optionally further 
comprise a recombination zone 159 arranged at least within 
the first doped region 102 . 
[ 0055 ] For example , as illustrated in the equivalent circuit , 
a transition from the first doped region 102 to the drift region 
100 forms a first diode 51 , and a transition from the emitter 



US 2018 / 0269313 A1 Sep . 20 , 2018 

region 1091 to the drift region 100 forms a second diode 52 . 
The first diode 51 and the second diode 52 are connected 
anti - serially with each other . 
[ 0056 ] For example , the first diode 51 exhibits a first 
breakthrough voltage , and the second diode 52 exhibits a 
second breakthrough voltage , wherein the first breakthrough 
voltage is at least five times as great as the second break 
through voltage . This factor can be even greater than five , 
e . g . , amount to at least ten , 100 or even more than 1000 . For 
example , the second breakthrough voltage may be greater 
than 10 V , greater than 50 V , e . g . , greater than 10 V and less 
than 100 V . E . g . , the first breakthrough voltage is about 80 
times greater than the second breakthrough voltage , hence , 
e . g . based on the values above , within the range of 800 V to 
8 KV . A typical example would be 20 V for the second and 
1600 V for the first breakthrough voltage . 
[ 0057 ] For example , each of the first load terminal 11 , the 
first doped region 102 , the recombination zone 159 , the drift 
region 100 , the emitter region 1091 and the second load 
terminal 12 exhibit a common lateral extension range , e . g . , 
along the first lateral direction X , e . g . , of at least 500 nm , at 
least 2000 nm , or even more than 6000 nm . 
[ 0058 ] Further , the recombination zone 159 can be is 
configured to reduce at least one of a lifetime and a mobility 
of charge carriers present within the recombination zone 
159 . 
[ 0059 ] As will be explained in more detail below , the 
recombination zone 159 may be laterally structured . 
[ 0060 ] As will also be explained in more detail below , the 
power semiconductor device 1 can be configured to induce 
a conduction channel 103 within the first doped region 102 
for conduction of at least a part of the load current during the 
conducting state , wherein the induced conduction channel 
103 and the recombination zone 159 are spatially separated 
from each other . E . g . , a minimum distance between the 
recombination zone and the induced conduction channel 
amounts to at least 50 nm . 
10061 ] Further , the recombination zone 159 can be 
arranged such that it does not extend into the drift region 

[ 0067 ] In an embodiment , the recombination zone 159 can 
exhibit crystal defects that form a plurality of recombination 
centers within the recombination zone 159 . E . g . , the crystal 
defects are temperature - stable up to a temperature of at least 
360º . A crystal defect concentration of the recombination 
zone may vary along at least the first lateral direction X by 
a factor of at least two . 
[ 0068 ] As will become more apparent from the description 
of FIG . 19A , the first doped region 102 can exhibit a first 
subsection ( cf . FIG . 19A , reference numeral 1023 ) and a 
second subsection ( cf . FIG . 19A , reference numeral 1022 ) , 
the first subsection interfacing with the first load terminal 11 
and having a higher dopant concentration than the second 
subsection , the second subsection interfacing with the drift 
region 100 , wherein the recombination zone 159 extends 
into each of the first and second subsection . Further , a peak 
of the crystal defect concentration can be located within an 
upper half of the second subsection or within a lower half of 
the first subsection of the first doped region 102 . 
[ 0069 ] In an embodiment , the semiconductor body 10 
interfaces with the second load terminal 12 exclusively by 
means of the emitter region 1091 . 
[ 0070 ] As will become more apparent from the description 
below , the semiconductor body 10 may further comprise a 
field stop region 1092 , wherein the field stop region 1092 
terminates the drift region 100 and exhibits a proton - irra 
diation induced dopant concentration of dopants of the first 
conductivity type that is greater than the drift region dopant 
concentration . 
10071 ] The power semiconductor device 1 can be , as 
indicated above , a power semiconductor switch and may 
further comprise a source region ( cf . reference numeral 101 
in FIG . 17A ) of the first conductivity type and electrically 
connected to the first load terminal 11 , wherein the first 
doped region 102 separates the source region 101 from the 
drift region 100 . E . g . , the recombination zone 159 extends 
into source region 101 . 
10072 ] In an embodiment , the power semiconductor 
device 1 comprises an active region ( cf . reference numeral 
1 - 1 in FIG . 1 ) and an inactive edge region 1 - 2 surrounding 
the active region 1 - 1 . For example , the recombination zone 
159 does not extend into the inactive edge region 1 - 2 . 
[ 0073 ] . Further , in an example , the active region 1 - 1 can 
comprises a plurality of cells ( e . g . , transistor cells 14 ) , 
wherein the recombination zone 159 is laterally structured in 
that : only each of a share of the plurality of cells ( e . g . 
transistor cells 14 ) includes the recombination zone 159 ; 
and / or the recombination zone 159 is laterally structured 
within a horizontal cross - section of at least one of the 
plurality of the cells ( e . g . , transistor cells ) . 
[ 0074 ] As will also become more apparent from the 
description below , the power semiconductor device 1 may 
further comprise : a first barrier region 152 ( cf . FIG . 2A ) of 
the second conductivity type at a lower dopant concentration 
than the first doped region 102 and arranged in contact with 
both the first doped region 102 and an insulation structure 
16 , 142 , and a second barrier 153 region of the first 
conductivity type at a higher dopant concentration than the 
drift region 100 and separating both the first doped region 
102 and at least a part of the first barrier region 152 from the 
drift region 100 . For example , at least one of the first barrier 
region 152 and the second barrier region 153 forms a 
contiguous semiconductor layer within the active region 1 - 1 
( cf . FIG . 24 ) . 

100 . 
10062 ] In an embodiment , the recombination zone 159 
exhibits a crystal defect concentration at least 1000 times 
greater than a crystal defect concentration within the drift 
region 100 . 
[ 0063 ] In an embodiment , the first doped region 102 
extends deeper into the semiconductor body 10 than the 
recombination zone 159 . 
100641 As will become more apparent from the description 
further below , the first load terminal 11 may comprises a 
contact groove ( cf . reference numerals 161 in FIGS . 2 and 
111 in FIG . 19A ) that interfaces with the first doped region 
102 , wherein the recombination zone 159 laterally overlaps 
with the contact groove and exhibits lateral dimensions 
within the range of 60 % to 200 % of the lateral dimensions 
of the contact groove . 
[ 0065 ] Further the power semiconductor device 1 can 
comprise a plurality of cells ( e . g . , transistor cells ( cf . refer 
ence numeral 14 in FIGS . 12 and 13 ) ) each configured to be 
operated in said conducting state , said forward blocking 
state and said reverse blocking state . 
[ 0066 ] The recombination zone 159 can be designed such 
that it is spatially separated from a location of a peak of an 
electric field during the forward blocking state . 
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[ 0075 ] Herein presented is also a method of processing a 
power semiconductor device . The semiconductor device 
comprises a semiconductor body coupled to a first load 
terminal and a second load terminal . The semiconductor 
body comprises : a first doped region of a second conduc 
tivity type electrically connected to the first load terminal ; an 
emitter region of the second conductivity type electrically 
connected to the second load terminal ; a drift region of a first 
conductivity type and arranged between the first doped 
region and the emitter region . The drift region and the first 
doped region enable the power semiconductor device to be 
operated in : a conducting state during which a load current 
between the load terminals is conducted along a forward 
direction ; in a forward blocking state during which a for 
ward voltage applied between the terminals is blocked ; and 
in a reverse blocking state during which a reverse voltage 
applied between the terminals is blocked . The method 
comprises : Forming , in the semiconductor body , a recom 
bination zone arranged at least within the first doped region . 
[ 0076 ) Exemplary embodiments of the method may cor 
respond to the exemplary embodiments of the device 
described above . Further optional aspects of the method will 
be described in more detail below . 
[ 0077 ] As has been introductorily explained , the power 
semiconductor device 1 described herein , e . g . , as above with 
respect to FIG . 23 , may for example be implemented as a 
power semiconductor switch or as an overvoltage protection 
power semiconductor chip . 
[ 0078 ] The following description of FIGS . 1 to 16 and 24 
to 25A - B primarily relates to the case where the power 
semiconductor device 1 is implemented as an overvoltage 
protection power semiconductor chip ( the introductorily 
mentioned “ first exemplary subgroup of embodiments ” ) , 
and the following description of FIGS . 17A to 22 primarily 
relates to the case where the power semiconductor device 1 
is implemented as a power semiconductor switch ( the intro 
ductorily mentioned " second exemplary subgroup of 
embodiments ” ) . 
[ 0079 ] Within the description of FIGS . 1 to 22 , 24 and 
25A - B , optional features of the components of the power 
semiconductor device 1 will be explained , in particular 
optional features of the first doped region 102 . It shall be 
understood that these optional features may a ) equally apply 
to the devices FIGS . 1 to 22 , 24 and 25A - B irrespective of 
whether the respective device is implemented as power 
semiconductor switch or as an overvoltage protection power 
se semiconductor chip and b ) equally apply to the device in 
accordance with FIG . 23 described above . 

[ 0082 ] For example , the power semiconductor switch 1 
comprises the semiconductor body 10 that is coupled to the 
first load terminal 11 ( e . g . , an emitter terminal 11 ) and the 
second terminal ( e . g . , a collector terminal 12 ) . 
[ 0083 ] Regarding all embodiments of FIGS . 17A - 22 dis 
closed herein , the power semiconductor switch 1 may be a 
reverse blocking ( RB ) IGBT . For example , each of FIGS . 
17A to 22 shows aspects of a power semiconductor switch 
that may be implemented so as to realize an RB IGBT . 
[ 0084 ] The semiconductor body 10 may comprise the drift 
region 100 with dopants of the first conductivity type . For 
example , the extension of the drift region 100 along the 
extension direction Z and its dopant concentration are cho 
sen in dependence of the blocking voltage rating for which 
the power semiconductor switch 1 shall be designed , e . g . , in 
a manner as it is known to the skilled person . 
10085 ) . Further , the emitter terminal 11 may be arranged on 
the frontside of the power semiconductor switch 1 and may 
include a frontside metallization . The collector terminal 12 
may be arranged , opposite to the frontside , e . g . , on a 
backside of the power semiconductor switch 1 and may 
include , for example , a backside metallization . Accordingly , 
the power semiconductor switch 1 may exhibit a vertical 
configuration , wherein the load current flows in a direction 
substantially in parallel to the vertical direction . In another 
embodiment , both of the emitter terminal 11 and the col 
lector terminal 12 may be arranged on a common side , e . g . , 
both on the frontside , of the power semiconductor switch 1 . 
[ 0086 ] The power semiconductor switch 1 may further 
include an active region 1 - 2 , an inactive edge region 1 - 2 
( herein also referred to as “ termination structure ” or as 
" inactive termination structure ” ) and a chip edge 1 - 21 ( cf . 
FIG . 21 ) . The semiconductor body 10 may form a part of 
each of the active region 1 - 2 and the inactive edge region 
1 - 2 , wherein the chip edge 1 - 21 may laterally terminate the 
semiconductor body 10 . The chip edge 1 - 21 may have 
become into being by means of wafer dicing , for example , 
and may extend along the vertical direction Z . The inactive 
edge region 1 - 2 may be arranged between the active region 
1 - 1 and the chip edge 1 - 21 , as illustrated in FIG . 21 . 
[ 0087 ] In the present specification , the terms “ active 
region ” and “ inactive edge region ” / “ ( inactive ) termination 
structure ” are employed in a common manner , i . e . , the active 
region 1 - 1 and the inactive edge region 1 - 2 may be config 
ured to provide for the principle technical functionalities 
typically associated therewith . For example , the active 
region 1 - 1 of the power semiconductor switch 1 is config 
ured to conduct a load current between the terminals 11 , 12 , 
whereas the inactive edge region 1 - 2 does not conduct the 
load current , but rather fulfills functions regarding the 
course of the electric field , ensuring the blocking capability , 
safely terminating the active region 1 - 1 and so forth , in 
accordance with an embodiment . For example , the inactive 
edge region 1 - 2 may entirely surround the active region 1 - 1 , 
as illustrated in FIG . 21 . 
[ 0088 ] . In an embodiment , the each of the active region 1 - 1 
and the inactive edge region 1 - 2 are configured to provide 
for a reverse blocking capability of the power semiconductor 
switch , as will be explained in more detail below . 
[ 0089 ] The active region 1 - 1 may comprise at least one 
transistor cell 14 ( cf . FIG . 21 ) . In an embodiment , there are 
included a plurality of such transistor cells 14 within the 
active region 1 - 1 . The number of transistor cells 14 may be 
greater than 100 , than 1 , 000 or even greater than 10 , 000 . The 

Power Semiconductor Switch 

[ 0080 ] The following description refers to examples of the 
above mentioned first exemplary subgroup of embodiments , 
wherein the power semiconductor device 1 is embodied as 
a power semiconductor switch , and to examples of corre 
sponding methods : 
[ 0081 ] FIG . 21 schematically and exemplarily illustrates a 
section of a horizontal projection of a power semiconductor 
switch 1 in accordance with one or more embodiments . Each 
of FIGS . 17A - 18B schematically and exemplarily illustrates 
a section of a vertical cross - section of an embodiment of the 
power semiconductor switch 1 in accordance with one or 
more embodiments . In the following , it will be referred to 
each of FIGS . 21 and 17A - 18B . 
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transistor cells 14 may each exhibit an identical configura - 
tion . Thus , in an embodiment , each transistor cell 14 may 
exhibit a configuration of a power unit cell , e . g . , as illus 
trated in FIGS . 17A - 19A . In the following , when an expla 
nation is presented for an exemplary configuration of a 
specific transistor cell 14 ( e . g . , like the transistor cell 14 
comprises . . . ” or “ the component of the transistor cell 14 
is / has . . . " ) , this explanation may equally apply to all 
transistor cells 14 that may be included in the power 
semiconductor switch 1 , if not explicitly state otherwise . 
10090 ] Each transistor cell 14 may exhibit a stripe con 
figuration as schematically illustrated in FIG . 21 , wherein 
the total lateral extension in one lateral direction , e . g . , along 
with the second lateral direction Y , of each transistor cell 14 
and its components may substantially greater than the total 
lateral extension in the other lateral direction , e . g . , along the 
first lateral direction X . For example , the longer total lateral 
extension in the second lateral direction Y of a respective 
stripe transistor cell 14 may approximately correspond to the 
total extension of the active region 1 - 1 along this lateral 
direction , as illustrated in FIG . 21 . 
[ 0091 ] In another embodiment , each transistor cell 14 may 
exhibit a cellular configuration , wherein the lateral exten 
sions of each transistor cell 14 may be substantially smaller 
than the total lateral extensions of the active region 1 - 1 . 
[ 0092 ] Referring to all embodiments disclosed herein , 
each of the transistor cells 14 may exhibit a stripe configu 
ration and can be configured to provide for an RB IGBT 
functionality . 
[ 0093 ] Each transistor cell 14 may comprise a source 
region 101 with dopants of the first conductivity type and 
electrically connected to the emitter terminal 11 . The dopant 
concentration present in the source region 101 may be 
significantly greater than the dopant concentration of the 
drift region 100 . 
[ 0094 ] Each transistor cell 14 may further comprise the 
first doped region 102 implemented as a semiconductor 
switch body region 102 ( also referred to as “ channel 
region ” ; however , herein , the term “ channel region " is used 
in a different manner , see below ) with dopants of a second 
conductivity type , wherein the first doped region 102 may 
separate the source region 101 from the drift region 100 , 
e . g . , the first doped region 102 may isolate the source region 
101 from the drift region 100 . Also the first doped region 102 
may be electrically connected with the emitter terminal 11 . 
A transition between the first doped region 102 and the drift 
region 100 may form a pn - junction 1021 . 
[ 0095 ] In accordance with the embodiments illustrated in 
FIGS . 17A and 17B , the drift region 100 may extend along 
the vertical direction Z until it interfaces with a doped 
contact region 109 that is arranged in electrical contact with 
the collector terminal 12 . The doped contact region 109 may 
be formed in accordance with the configuration of the power 
semiconductor switch 1 ; e . g . , the doped contact region 109 
can include an emitter region 1091 with dopants of the 
second conductivity type , e . g . a p - type emitter region 1091 . 
[ 0096 ] In an embodiment , the emitter region 1091 does 
not comprise sections with dopants of the first conductivity 
type that are also electrically connected to the collector 
terminal 12 . Thus , for example , embodiments described 
herein are not related to reverse conducting ( RC ) IGBTs . 
Rather , the semiconductor body 10 interfaces with the 
collector terminal 12 exclusively by means of the emitter 

region 1091 , e . g . , an entirely p - doped emitter region 1091 , 
in accordance with an embodiment . 
00971 The doped contact region 109 , may also include a 
field stop region 1092 , as illustrated in each of FIGS . 17B 
and 18B . The field stop region 1092 may couple the drift 
region 100 to the emitter region 1091 . For example , the field 
stop region 1092 may comprise dopants of the first conduc 
tivity type at a dopant concentration significantly greater 
than the dopant concentration of the drift region 100 . Fur 
ther , the field stop region 1092 may terminate the drift region 
100 . 
[ 0098 ] In an embodiment , the field stop region 1092 
exhibits a proton - irradiation induced dopant concentration 
of dopants of the first conductivity type that is greater than 
the drift region dopant concentration . Such proton - irradia 
tion induced field stop can be realized by a proton irradiation 
with a subsequent annealing step at relatively low tempera 
tures ranging between 370° C . and 430° C . over a time 
period ranging between 30 minutes and 5 hours . For 
example , this may allow for thin wafer processing , e . g . , even 
for large wafer diameters , e . g . wafer diameters equal to or 
greater than 8 " . 
[ 0099 ] Each transistor cell 14 may further comprise an 
insulated control terminal 131 , e . g . , a gate terminal , that may 
be implemented as a planar electrode ( as illustrated in FIGS . 
17A and 17B ) or as a trench electrode ( as illustrated in FIGS . 
18A and 18B ) . For example , each transistor cell 14 may 
comprise at least one trench 143 that extends into the 
semiconductor body 10 and that houses the control terminal 
131 implemented as a trench electrode and insulated from 
the semiconductor body 10 by means of an insulator 142 . In 
case of a planar electrode , an insulation structure 142 may 
insulate the control terminal 131 from the semiconductor 
body 10 . 
[ 0100 ] In an embodiment , the drift region 100 , the source 
region 101 and the first doped region 102 enable the power 
semiconductor switch 1 to be operated in : a conducting state 
during which a load current between the load terminals 11 , 
12 is conducted ( within the semiconductor body 10 ) along a 
forward direction ( e . g . , against the vertical direction Z in 
terms of the technical current direction ) ; in a forward 
blocking state during which a forward voltage applied 
between the terminals 11 , 12 is blocked ; and in a reverse 
blocking state during which a reverse voltage applied 
between the terminals 11 , 12 is blocked . 
[ 0101 ] For example , a forward voltage means that the 
electrical potential of the collector terminal 12 is greater 
than the electrical potential of the emitter terminal 11 . For 
example , a reverse voltage means that the electrical potential 
of the collector terminal 12 is smaller than the electrical 
potential of the emitter terminal 11 . 
[ 0102 ] In an embodiment , the power semiconductor 
switch 1 is configured to not allow flow of a reverse load 
current in the semiconductor body 10 , no matter which 
polarity the voltage applied between the load terminals 11 , 
12 exhibits . Thus , for example , there is only one conducting 
state , namely a forward conducting state , in which the load 
current in the forward direction ( i . e . , the forward load 
current ) is conducted . However , when a reverse blocking 
voltage is present and being blocked , a small leakage current 
may nevertheless flow in the reverse direction ( e . g . , in 
parallel to the vertical direction Z in terms of a technical 
current direction ) . 
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10103 ] For example , by means of providing a control 
signal to the control terminal 131 , e . g . , by generating a 
control voltage between the emitter terminal 11 and the 
control terminal 131 , the power semiconductor switch 1 may 
be switched between the conducting state and the forward 
blocking state . 
10104 ] For example , the reverse blocking state during 
which a reverse voltage applied between the terminals 11 , 12 
is blocked can be achieved independently from the control 
voltage between the emitter terminal 11 and the control 
terminal 131 . 
[ 0105 ] For example ( cf . FIG . 19A ) , during the conducting 
state , a channel region 103 ( as indicated by the dashed 
rectangle ) may be induced within a section of the first doped 
region 102 . A conduction channel , e . g . , an inversion channel 
that allows flow of the load current in the forward direction , 
may extend into the induced channel region 103 . For 
example , the induced channel region 103 , e . g . , the induced 
inversion channel , may extend along a sidewall 144 of the 
trench 143 that houses the control electrode 131 , as illus 
trated in FIG . 19A . 
10106 ] . Further , during the forward blocking state , induce 
ment of the channel region 103 may be inhibited . Rather , a 
space charge region is maintained so as to provide for the 
forward blocking capability . 
[ 0107 ] In an embodiment , the power semiconductor 
switch 1 , e . g . , each transistor cell 14 , comprises a recom 
bination zone 159 arranged at least within the first doped 
region 102 . The recombination zone 159 can be configured 
to reduce at least one of a lifetime and a mobility of charge 
carriers present within the recombination zone 159 . For 
example , the recombination zone 159 is configured to pro 
vide for an increased charge carrier recombination rate 
within the recombination zone 159 as compared to a charge 
carrier recombination rate external of the recombination 
zone 159 . 
[ 0108 ] For example , the recombination zone 159 can 
contain crystal defects , e . g . double vacancies or vacancy 
oxygen complexes , and / or atoms that act as recombination 
centers , e . g . platinum or gold atoms . 
[ 0109 ] . In an embodiment , the recombination zone 159 is 
laterally structured , e . g . , along at least one of the first lateral 
direction X and the second lateral direction Y . For example , 
regarding each transistor cell 14 , the recombination zone 
159 does not extend entirely within a horizontal cross 
section of the section of the semiconductor body 10 of 
respective transistor cell 14 , but can be laterally structured 
within such horizontal cross - section of the respective tran 
sistor cell 14 , e . g . , only locally implemented within the 
transistor cell 14 . 
[ 0110 ] . For example , in an embodiment , e . g . , as exemplar 
ily illustrated in each of FIG . 17A to FIG . 19A , the recom 
bination zone 159 is structured such that it does not extend 
into the drift region 100 . Such non - extension of the recom 
bination zone 159 into the drift region 100 may be realized 
by ensuring that a crystal defect concentration within the 
drift region 100 is below a threshold level of one tenth of the 
crystal defect concentration in the recombination zone 159 . 
In other words , the recombination zone 159 can be charac 
terized in that it exhibits a crystal defect concentration at 
least ten times greater than a crystal defect concentration 
within the drift region 100 . In another embodiment , the 
factor by which the crystal defect concentration in the drift 
region 100 is lower than within the recombination zone 159 

is greater than ten , e . g . , greater than 100 or even greater than 
1000 . For example , the recombination zone 159 can be 
characterized in that it exhibits a crystal defect concentration 
at least 1000 times greater than a crystal defect concentra 
tion within the drift region 100 . 
[ 0111 ] In a further embodiment , a the recombination zone 
159 is laterally structured in that not each transistor cell 14 
comprises a recombination zone 159 , but , for example , only 
a certain share of the transistor cells 14 . For example , only 
50 % or less of the transistor cells ( e . g . , every second 
transistor cell 14 ) comprise a respective recombination zone 
159 , or only 33 . 33 % or less of the transistor cells ( e . g . , every 
third transistor cell 14 ) comprise a respective recombination 
zone 159 , or only 25 % or less of the transistor cells ( e . g . , 
every fourth transistor cell 14 ) comprise a respective recom 
bination zone 159 . 
0112 ] . Further , a concentration of crystal defects that may 
be present within the recombination zone 159 may vary 
along at least one of the first lateral direction X and the 
second lateral direction Y or along a direction corresponding 
to a linear combination of the first and second lateral 
directions X and Y . In another embodiment , the concentra 
tion of crystal defects that may be present within the 
recombination zone 159 may be substantially constant along 
the lateral directions X and Y . 
[ 0113 ] In an embodiment , the recombination zone 159 
may also extend into the source region 101 . This may allow 
for reducing the risk of an unwanted latch - up of the power 
semiconductor switch 1 , as the electrons that may be emitted 
by the source region can recombine within the recombina 
tion zone 159 , in accordance with an embodiment . 
[ 0114 ] . Further , the induced conduction channel , i . e . , the 
channel region 103 into which the induced conduction 
channel may extend , and the recombination zone 159 can be 
spatially separated from each other ; e . g . , the induced chan 
nel region 103 and the recombination zone 159 do not 
spatially overlap with each other . This may avoid a negative 
influence on an on - state voltage drop of the switch 1 , e . g . , 
avoid an increase of the on - state voltage drop . For example , 
a minimum distance , e . g . , the lateral distance AX indicated 
in FIG . 19A , between the recombination zone 159 and the 
induced channel region 103 ( into which the conduction 
channel ) amounts to at least 50 nm . The minimum distance 
can also be greater than 50 nm , e . g . , greater than 100 nm or 
even greater than 200 nm . For example , the recombination 
zone 159 and the induced channel region 103 do not laterally 
overlap along the first lateral direction X . For example , in 
case of the of the control electrode 131 being implemented 
as a trench electrode , the recombination zone 159 and the 
control electrode 131 do not overlap along the first lateral 
direction X , and , in case of the of the control electrode 131 
being implemented as a planar electrode , the recombination 
zone 159 and the control electrode 131 do not overlap along 
the vertical direction Z . 
[ 0115 ] In accordance with an embodiment , the first doped 
region 102 extends deeper into the semiconductor body 10 , 
e . g . , along the vertical direction Z , than the recombination 
zone 159 . For example , the distance along the vertical 
direction Z between the pn - junction 1021 and a deepest 
point of the recombination zone 159 , e . g . , the distance AZ 
indicated in each of FIGS . 17A - 20A amounts to at least 0 . 5 
um , or to at least 5 um . In an embodiment , the distance AZ 
is within the range of 1 um to 3 um . For example , by means 
of the distance AZ , it may be ensured that high electric field 
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strengths do not occur within the recombination zone 159 , 
e . g . , during one or both of the blocking states of the power 
semiconductor switch 1 . 
[ 0116 ] Further , the recombination zone 159 may be 
arranged in contact with the emitter terminal 11 or be spaced 
apart therefrom along the vertical direction Z , e . g . , by a 
distance within the range of 30 nm to 4000 nm or by a 
distance within the range of 50 nm to 2000 nm or by a 
distance within the range of 100 nm to 1000 nm . 
[ 0117 ] In an embodiment , the total extension of the recom 
bination zone 159 along the vertical direction Z may vary 
between the transistor cells 14 . For example , a first share of 
the transistor cells 14 comprises a respective recombination 
zone 159 with a first total extension along the vertical 
direction Z , a second share of the transistor cells 14 com 
prises a respective recombination zone 159 with a second 
total extension along the vertical direction Z different from 
the first total extension , and a third share of the transistor 
cells 14 does not comprise a recombination zone 159 . 
10118 ] . In an embodiment , the emitter terminal 11 com 
prises a contact groove 111 that interfaces with each of the 
source region 101 and the first doped region 102 , wherein 
the recombination zone 159 laterally overlaps with the 
contact groove 111 ( cf . FIG . 19A ) and exhibits lateral 
dimensions within the range of 60 % to 200 % or within the 
range of 80 % to 120 % of the lateral dimensions of the 
contact groove 111 . For example , the recombination zone 
159 exhibits a total lateral extension in the first lateral 
direction X amounting to substantially 100 % of the total 
lateral extension in the first lateral direction X of the contact 
groove . In terms of processing ( cf . method 200 illustrated in 
FIG . 22 ) , the contact groove 111 may be formed within the 
insulation structure 142 and the recombination zone 159 
may be created by means of carrying out an implantation 
processing step . 
[ 01191 Said contact groove 111 may allow for carrying out 
the implantation processing step as a self - aligned processing 
step . For example , no separate mask needs to be provided for 
creating the recombination zone 159 , in accordance with an 
embodiment . Later , the contact groove 111 may be filled 
with a conducting material to be connected to the emitter 
terminal 11 , e . g . , so as to electrically connect the source 
region 101 and the first doped region 102 with the emitter 
terminal 11 . Additionally or alternatively , for further later 
ally structuring the recombination zone 159 , a mask ( not 
illustrated ) may be employed , e . g . , by depositing a resist 
material and by carrying out lithography processing steps , 
and by subsequently carrying out an implantation of , e . g . , 
protons , helium , argon , silicon , oxygen , molybdenum , plati 
num , gold and / or boron so as to produce the recombination 
centers 159 , e . g . , only within a specific share of all transistor 
cells 14 , e . g . , only in every second , third , or fourth transistor 
cell 14 , as has been explained above . 
10120 ] In an embodiment , the active region 1 - 1 comprises 
a plurality of transistor cells 14 as described above , wherein 
each transistor cell 14 may be configured to be operated in 
said conducting state , said forward blocking state and said 
reverse blocking state . Further , the recombination zone 159 
does not extend into the inactive edge region 1 - 2 that 
surrounds the active region 1 - 1 . 
[ 0121 ] Regarding now in more detail FIGS . 19A - B , the 
first doped region 102 may exhibit a first subsection 1023 
and a second subsection 1022 . The first subsection 1023 can 
interface with the emitter terminal 11 i . e . , the first load 

terminal ) and can have a higher dopant concentration than 
the second subsection 1022 . The second subsection 1022 can 
interface with the drift region 100 and , e . g . , form said 
pn - junction 1021 with the drift region 100 . For example , the 
first doped region 102 may consist of these two subsections 
1022 and 1023 , wherein the factor between the respective 
maximum dopant concentrations in these two subsections 
1022 and 1023 may be greater than 2 , 10 or even greater than 
100 , and wherein the second subsection 1022 may form the 
dominating part in terms of space ) of the first doped region 
102 , as illustrated in FIG . 19A . The first subsection 1023 
may constitute a highly doped contact section of the first 
doped region 102 . 
[ 0122 ] For example , the recombination zone 159 extends 
into each of the first and second subsection 1023 , 1022 ; i . e . , 
also into the higher dopant first subsection 1023 . 
10123 ] Regarding all embodiments described herein , the 
recombination zone 159 may exhibit crystal defects that may 
form a plurality of recombination centers within the recom 
bination zone 159 . 
[ 0124 ] A crystal defect concentration of the recombination 
zone 159 may vary along at least the first lateral direction X 
and / or the second lateral direction Y by a factor of at least 
two . For example , the density of the recombination centers 
present in the first doped region 102 may be set to exhibit a 
specific profile in the horizontal directions . 
0125 ] . Further , the crystal defect concentration of the 
recombination zone 159 may also or alternatively vary along 
the vertical direction Z by a factor of at least two . Said 
variations factors ( lateral / vertical ) may certainly be greater 
than two , e . g . , greater than 5 , than 10 or even greater than 
100 . A variation of the crystal defect concentration along the 
vertical direction Z is schematically and exemplarily illus 
trated in each of FIGS . 19B and 20B , wherein a crystal 
defect concentration may be proportional to a recombination 
rate Nrecomb . Accordingly , the crystal defect concentration 
or , respectively , the recombination rate Nrecomb , may ini 
tially increase along the vertical direction Z up to a peak and 
then decrease . For example , the decrease of the crystal 
defect concentration is not linear , as illustrated . For 
example , the reduction of the charge carrier lifetime is 
inhomogeneous along the vertical direction Z due to the 
crystal defect concentration of the recombination zone 159 . 
[ 0126 ] In an embodiment , the peak of the crystal defect 
concentration of the recombination zone 159 or , respec 
tively , the peak of the recombination rate Nrecomb , is located 
within an upper half of the second subsection 1022 or within 
a lower half of the first subsection 1023 of the first doped 
region 102 . In an embodiment , regarding FIG . 20B , the peak 
of the crystal defect concentration of the recombination zone 
159 is spaced apart along the vertical direction Z from a peak 
of the electric field E during the forward blocking state , e . g . , 
by at least 100 nm or at least 1 Om . For example , it is 
ensured that the peak of the electric field does not extend 
into the recombination zone 159 . To this end , e . g . , said 
minimum distance AZ mentioned above can be kept between 
the pn - junction 1021 and the lowest point of the recombi 
nation zone 159 . 
0127 ] . With regards to FIGS . 20A - B , exemplary courses 
of dopant concentrations N , ( acceptor dopant concentration / 
p - type dopant concentration ) and N ) ( donator dopant con 
centration / n - type dopant concentration ) in conjunction with 
an exemplary course of the electric field E and an exemplary 
course of the crystal defect concentration of the recombi 
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nation zone 159 , each along the vertical direction Z , shall be 
described . For example , such courses can be found in an 
embodiment according to one or more of FIGS . 17A - 19A . 
( 0128 ] As it is common for an IGBT , the dopant concen 
tration present in the source region 101 , e . g . , an n - type 
dopant concentration , can be relatively high . The dopant 
concentration profile of the first doped region 102 , e . g . , a 
p - type dopant concentration , can be separated into three 
parts ; an upper part with the highest dopant concentration , 
e . g . , present in said first subsection 1023 , e . g . , for establish - 
ing a low ohmic contact to the emitter terminal 11 , a middle 
part with a medium dopant concentration , e . g . , included in 
said second subsection 1022 , and a lower part , e . g . , also 
included in said second subsection 1022 , with a rather low 
mean concentration but optionally having one local maxima , 
e . g . , such that the first doped region 102 provides for a field 
stop or a barrier , e . g . , a p - barrier , functionality . Adjacent to 
the first doped region 102 , the drift region 100 extends along 
the vertical direction and exhibits a rather low dopant 
concentration , e . g . , an n - type dopant concentration . The 
field stop region 1092 exhibits a dopant concentration , e . g . , 
of the n - type , significantly greater than the drift region 100 . 
As has been explained above , the dopant concentration of 
the field stop region 1092 may be a proton - induced dopant 
concentration . Finally , the emitter region 1091 , e . g . , a p - type 
emitter , exhibits a relatively high dopant concentration . 
[ 0129 ] The electric field E , during the forward blocking 
state , exhibits its peak close to the first doped region 102 ; 
however , in accordance with an embodiment , the peak does 
not extend into the recombination zone 159 that is imple 
mented at least within the first doped region 102 . Rather , the 
recombination zone 159 is spatially separated from the 
location of the peak of the electric field during the forward 
blocking state , in accordance with an embodiment . 
[ 0130 ] As has been indicated above , the recombination 
zone 159 may comprise said crystal defects . The crystal 
defects may be formed by implanting ions into the first 
doped region 102 . For example , the implanted ions include 
at least one of helium , argon , silicon , oxygen , molybdenum , 
platinum , gold and boron . In another embodiment , protons 
are implanted . 
[ 0131 ] In an embodiment , the crystal defects are tempera 
ture - stable up to a temperature of at least 360º , of at least 
390° , or of at least 420° . Further , the crystal defects may 
exhibit such temperature - stability at least for one hour , at 
least for two , or for even more than four hours . Such 
temperature and time ranges may occur , e . g . , during pro 
cessing of thin wafers . For example , in case of ions , it can 
thereby be ensured that the damage , e . g . , the defects , caused 
by said ion implantation can be substantially maintained , 
even after a temperature annealing processing step . 
[ 0132 ] Regarding finally the method 200 schematically 
and exemplarily illustrated in FIG . 22 , it shall be understood 
that method 200 may be implemented in various embodi 
ments , e . g . , in embodiments corresponding to the exemplary 
embodiments of the power semiconductor switch 1 that have 
been explained with respect to the preceding drawings . In so 
far , it is referred to the above . 
10133 ] Generally , method 200 may comprise a first step 
2000 in which a semiconductor body is provided that is to 
be coupled to a first load terminal and a second load 
terminal , and that comprises : a drift region with dopants of 
a first conductivity type ; a source region with dopants of the 
first conductivity type and electrically connected to the first 

load terminal ; and a first doped region with dopants of a 
second conductivity type and separating the source region 
from the drift region . The drift region , the source region and 
the first doped region enable the power semiconductor 
switch to be operated in : a conducting state during which a 
load current between the terminals is conducted along a 
forward direction ; in a forward blocking state during which 
a forward voltage applied between the terminals is blocked ; 
and in a reverse blocking state during which a reverse 
voltage applied between the terminals is blocked . 
[ 0134 ] Method 200 may further comprise a step 2200 in 
which a recombination zone is provided within the first 
doped region . 
10135 ] For example , providing ( in step 2200 ) the recom 
bination zone may comprise introducing crystal defects into 
the semiconductor body by means of at least one of an 
implantation processing step and a diffusion processing step . 
For example , the implantation can be carried out with an 
implantation dose within the range of 1013 to 1014 atoms / 
cm² . Subsequent to the implantation , a temperature anneal 
ing step may be carried out , wherein the crystal defects can 
be chosen such that these are temperature - stable up to a 
temperature of at least 360° , of at least 390° , or of at least 
420° , as has been indicated above . Said temperature can thus 
be a maximum temperature of the temperature annealing 
step . Instead of implantation , also a controlled diffusion may 
be carried out in order to create the recombination zone . For 
example , a heavy metal , e . g . , platinum , palladium , molyb 
denum , or the like can be diffused into the semiconductor 
body . For example , the diffusion is controlled and / or carried 
out by using a mask , which may allow for producing a 
concentration of crystal defects that varies in at least one of 
the lateral directions and the vertical direction , e . g . , in a 
manner as illustrated in FIGS . 19B and 20B . In addition , 
method 200 can be carried out that the recombination zone 
159 is not provided within the termination structure of the 
power semiconductor switch ; for example , neither said 
implantation processing step nor said diffusion processing 
step is carried out in the termination structure . 
[ 0136 ] Further , providing ( in step 2200 ) the recombination 
zone may involve carrying out a self - aligned processing step 
using a groove where each of the source region and the first 
doped region are to be contacted by the first load terminal , 
as has been exemplarily explained with respect to FIG . 19B . 
[ 0137 ] Embodiments of the power semiconductor switch 
described herein may constitute an RB IGBT and a corre 
sponding processing method . The RB IGBT may comprise 
said recombination zone within the active region and imple 
mented in the first doped region ( e . g . , the semiconductor 
switch body region ) , e . g . , in proximity to a frontside of the 
RB IGBT . The recombination zone can be at least laterally 
structured . In addition , the crystal defect concentration may 
vary along at least one of the first lateral direction , the 
second lateral direction and the vertical direction . Such 
variation may allow for controlling the charge carrier life 
time reduction in proximity to the frontside of the RB IGBT , 
in accordance with one or more embodiments . For example , 
by means of the recombination zone , a frontside Partial 
Transistor - Amplification - Factor ( as known as Alpha nn ) can 
be kept low and thus , at the same time , the reverse leakage 
current low remains low . In an embodiment , such RB IGBT 
may be employed within a multi - level power converter , e . g . , 
in a power converter exhibiting a 3 - Level configuration 
( e . g . , NPC2 or T - type configuration ) or in a matrix inverter . 
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Overvoltage Protection Power Semiconductor Chip 
[ 0138 ] The following description refers to examples of the 
above mentioned second exemplary subgroup of embodi 
ments , wherein the power semiconductor device 1 is embod 
ied as an overvoltage protection power semiconductor chip 
or as an integrated power semiconductor module , and to 
examples of corresponding methods . 
[ 0139 ] In accordance with the examples previously 
described with respect to FIGS . 17 to 22A , transistor cells 14 
of a power semiconductor switch ( e . g . , a reverse blocking 
IGBT ) that are configured to conduct the forward load 
current are equipped with the first doped region 102 ( i . e . , the 
body regions ) , wherein the first doped region 102 comprises 
the recombination zone 159 . In such context , the proposed 
pnp - structure ( 102 - > 100 / 1092 - > 109 ) may allow for keeping 
both the frontside Partial - Transistor - Amplification - Factor 
( as known as Alphapnp ) low and , at the same time , the 
reverse leakage current , as explained above . 
[ 0140 ] In accordance with some of the following embodi 
ments described with respect to FIGS . 1 to 16 , the first doped 
region 102 and ( the section of ) the recombination zone 159 
may be employed in another context , namely in semicon 
ductor cells different from the cells that are used for carrying 
the load current , e . g . in designated breakthrough semicon 
ductor cells that are in a conducting state only if a voltage 
applied at the load terminals 11 , 12 exceeds an overvoltage 
threshold value . For example , the designated breakthrough 
semiconductor cells are integrated within a designated over 
voltage protection power semiconductor chip that is separate 
from the power semiconductor device that is used for 
carrying the ( nominal load current ) . 
[ 0141 ] The present specification hence also relates to a 
power semiconductor based overvoltage protection chip for 
protecting a power semiconductor die against an overvolt 
age , e . g . , against a transient overvoltage that may occur 
during a switching operation . The overvoltage protection 
chip described herein may also constitute a power semicon 
ductor device , since it may be configured for temporarily 
carrying a load current , e . g . , of at least 1 A up to 30 A , such 
as at least 2 A , such as at least 5 A , at least 10 A , or even 
more than 20 A , in order to reduce an overvoltage occurring 
at the power semiconductor device to be protected , and since 
it may exhibit the capability to block voltages . 
[ 0142 ] FIG . 1 schematically and exemplarily illustrates a 
section of a horizontal projection of an overvoltage protec 
tion power semiconductor chip 1 — in the following also 
simply referred to as " chip ’ - in accordance with one or 
more embodiments . 
[ 0143 ] The chip 1 has a semiconductor body 10 that 
comprises each of an active region 1 - 1 and an inactive edge 
region 1 - 2 of the chip 1 . The semiconductor body 10 may be 
coupled to each of a first load terminal and a second load 
terminal ( not illustrated in FIG . 1 ; cf . reference numerals 11 
and 12 in the other drawings , e . g . , FIGS . 2A - B ) , wherein the 
first load terminal may be arranged at the frontside of the 
chip 1 , and wherein the second load terminal may be 
arranged at the backside of the chip 1 . The chip frontside and 
the chip backside may be arranged opposite of each other 
and , accordingly , the chip 1 may exhibit a vertical set up 
extending along the vertical direction Z . 
[ 0144 ] The inactive edge region 1 - 2 may surround the 
active region 1 - 1 , e . g . , in a manner common for a power 
semiconductor device . The inactive edge region 1 - 2 may be 

terminated by an edge 1 - 21 that may have come into being 
by means of , e . g . , wafer dicing . 
[ 0145 ] The active region 1 - 1 may comprise a plurality of 
breakthrough cells 15 , which may constitute a cell field of 
the active region 1 - 1 . The breakthrough cells 15 may be 
arranged with a pitch P ( cf . FIG . 24 ) within range of some 
micrometers , e . g . , within the range of 10 to 30 Om , e . g . , 
along the first lateral direction X . 
0146 ] For example , the inactive edge region 1 - 2 exhibits 
a greater breakdown voltage than each of the breakthrough 
cells 15 . Thus , in accordance with an embodiment , the chip 
1 may be configured to ensure that the breakdown , e . g . , due 
to an overvoltage present at the load terminals , occurs within 
the active region 1 - 1 , and not within the inactive edge region 
1 - 2 . This aspect will be elucidated in more detail below . 
10147 ] As illustrated , the breakthrough cells 15 may 
exhibit cellular configuration with , e . g . , a circular circum 
ference . In another embodiment , the cells 15 may exhibit a 
rectangular circumference , and ellipsoidal circumference or 
a cross - section with another geometric form . 
[ 0148 ] For example , each of the breakthrough cells 15 
exhibits a cellular configuration , and the breakthrough cells 
15 are arranged within the active region 1 - 1 in accordance 
with a hexagonal tessellation pattern . 
[ 0149 ] In yet another embodiment , the cells 15 may 
exhibit stripe cell configuration , having , e . g . , a lateral exten 
sion corresponding approximately to the lateral extension of 
the active region 1 - 1 . 
[ 0150 ] FIGS . 2A - B each schematically and exemplarily 
illustrate a section of a vertical cross - section of the over 
voltage protection power semiconductor chip 1 in accor 
dance with one or more embodiments . As mentioned above , 
the chip 1 may comprise said plurality of breakthrough cells 
15 arranged in the active region 1 - 1 . FIGS . 2A - B and 3 , to 
which it will be referred in the following , illustrate exem 
plary configurations of such a breakthrough cell 15 . 
[ 0151 ] The breakthrough cell 15 may comprise an insu 
lation structure 16 arranged at the chip frontside and having 
a recess 161 ( corresponding to the insulation structure 142 
( e . g . as shown in FIG . 19A ) and the contact groove 111 
mentioned above ) into which the first load terminal 11 
extends and interfaces with the semiconductor body 10 . 
Already at this point , it is emphasized that the recess 161 
must not necessarily have a depth as illustrated in FIGS . 
2A - B . Rather , the insulation structure 16 may provide for an 
electrical insulation between the first load terminal 11 and a 
section of the semiconductor body 10 and , at the same time , 
allow the first load terminal 11 to interface , e . g . , by means 
of said recess 161 , with another section of the semiconductor 
body 10 . 
10152 ] In an embodiment , the recess 161 may have a width 
along the first lateral direction within the range of up to 50 % 
of the pitch P . E . g . , the width of the recess 161 amounts to 
a value between 0 . 5 Om and 12 Om . A thickness ( along the 
vertical direction 2 ) of the insulation structure 16 forming 
the recess 161 may be amount to at least several hundred 
nanometers . 
[ 0153 ] The breakthrough cell 15 may further comprise the 
following regions , e . g . , each implemented in the semicon 
ductor body 10 : a drift region 100 of the first conductivity 
type , e . g . , n - type dopants ; a first doped region 102 ( e . g . , an 
anode region 102 ) of the second conductivity type , e . g . , 
p - type dopants , and being electrically connected to the first 
load terminal 11 ; a first barrier region 152 of the second 
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conductivity type at a lower dopant concentration than the 
first doped region 102 and arranged in contact with each of 
the first doped region 102 and the insulation structure 16 ; 
and a second barrier region 153 of the first conductivity type 
at a higher dopant concentration than the drift region 100 
and separating both the first doped region 102 and at least a 
part of the first barrier region 152 from the drift region 100 ; 
and a doped contact region 109 arranged in contact with the 
second load terminal 12 , wherein the drift region 100 is 
positioned between the second barrier region 153 and the 
doped contact region 109 . 
[ 0154 ] In terms of functionality , each breakthrough cell 15 
can be configured to remain in a non - conducting state 
( herein also referred to as forward blocking state ) if the 
voltage between the load terminals 11 , 12 is below a nominal 
chip blocking voltage , e . g . , with the higher potential being 
present at the second load terminal 12 . If the voltage 
between the load terminals 11 , 12 increases above the 
nominal chip blocking voltage , however , the breakthrough 
cell 15 may adopt to a conducting breakthrough state , e . g . , 
with the higher potential being present at the second load 
terminal 12 . For example , during the non - conducting state , 
the breakthrough cell 15 does not conduct a load current 
between the first load terminal 11 and the second load 
terminal 12 . Rather , the voltage applied between the load 
terminals 11 and 12 is blocked , e . g . , with the higher potential 
being present at the second load terminal 12 . Further , during 
the conducting breakthrough state , a load current can be 
conducted between the load terminals 11 , 12 , e . g . , so as to 
reduce the voltage to a value equal to or below the nominal 
chip blocking voltage . 
[ 0155 ] In an embodiment , each breakthrough cell 15 may 
further be configured to remain in a non - conducting reverse 
blocking state , e . g . , when the first load terminal 11 exhibits 
a greater potential than the second load terminal 12 . 
[ 0156 Referring to all embodiments described herein , the 
nominal chip blocking voltage can be equal to or greater 
than 600 V , greater than 3000 V , or even greater than 8000 

the range of 3e13 cm - 3 to 8e13 cm - 3 . For example , the drift 
region 100 may extend for at least 40 Om , e . g . , in the range 
between 40 um to 650 um or in the range from 60 um to 350 
um or from 100 um to 200 um along the extension direction 
Z . The total extension of the drift region 100 as well as its 
dopant concentration may be chosen in dependence of the 
nominal chip blocking voltage for which the chip 1 shall be 
designed . 
[ 0160 ] Referring additionally to FIG . 3 , which schemati 
cally and exemplarily illustrates a section of a vertical 
cross - section of the overvoltage protection power semicon 
ductor chip 1 in accordance with an embodiment , the doped 
contact region 109 arranged in contact with the second load 
terminal 12 may comprise an emitter region 1091 , e . g . , a 
backside emitter , and optionally a field stop region 1092 . 
The emitter region 1091 may have dopants of the second 
conductivity type , e . g . , with a maximum dopant concentra 
tion being in the range of le16 cm3 to 1e20 cm - 3 , or in the 
range of le17 cm to le19 cm3 . The field stop region 1092 
can have dopants of the first conductivity type , e . g . , with a 
maximum dopant concentration being greater than the dop 
ant concentration of the drift region 100 , e . g . , in the range of 
5e13 cm - 3 to le16 cm - 3 , or in the range of lel4 cm - 3 to 
2e15 cm - > . For example , the emitter region 1091 is electri 
cally connected to the second load terminal 12 , and the field 
stop region 1092 is arranged between the drift region 100 
and the emitter 1091 . The doped contact region 109 may 
exhibit a total extension along the extension direction Z that 
is significantly smaller as compared to the total extension of 
the drift region 100 . In an embodiment , the doped contact 
region 109 may be configured in a similar manner as the 
backside structure of a semiconductor body of a transistor , 
e . g . , of an IGBT . 
10161 ] In accordance with an embodiment , the transition 
between the second load terminal 12 and the doped contact 
region 109 may form a Schottky - contact . For example , this 
may allow to realize a reverse low voltage blocking capa 
bility / structure . To this end , it may further be appropriate 
that the doped contact region 109 exhibits an n - type dopant 
concentration at the interface to the second load terminal 12 
that does not exceed the value of le19 cm - 3 . 
[ 0162 ] Now regarding the frontside structure of the semi 
conductor body 10 , in an embodiment , the electrical con 
nection between the frontside of the semiconductor body 10 
and the first load terminal 11 is established only by means of 
a transition between the first doped region 102 and the first 
load terminal 11 . For example , none of the first barrier 
region 152 , the second barrier region 153 and the drift region 
100 is arranged in contact with the first load terminal 11 . 
[ 0163 ] Further , the second barrier region 153 may be 
arranged so as to separate both the entire first doped region 
102 and the entire first barrier region 152 from the drift 
region 100 . 
[ 0164 ] In accordance with an embodiment , at least one of 
the first barrier regions 152 and the second barrier regions 
153 of the breakthrough cells 15 forms a contiguous semi 
conductor layer . Thus , all breakthrough cells 15 of the active 
region 1 - 1 may be connected to each other by means of a 
contiguous semiconductor layer that constitutes the respec 
tive first barrier region 152 for each breakthrough cell 15 . 
This optional aspect is exemplarily schematically illustrated 
in more detail in FIG . 24 , which shows a vertical cross 
section of an embodiment of the chip 1 shown in FIG . 1 . 
Hence , both the first barrier region 152 and the second 

[ 0157 ] For example , the chip 1 is coupled to a power 
semiconductor transistor , and each of the breakthrough cells 
15 is configured for a nominal chip blocking voltage that has 
been determined in dependence of a nominal blocking 
voltage of the transistor 2 ( cf . FIG . 6 ) . Accordingly , the 
voltage applied between the load terminals 11 , 12 may be 
substantially equal to an actual voltage applied to the power 
semiconductor transistor that is to be protected against an 
overvoltage , e . g . , a transient overvoltage , by means of the 
chip 1 . For example , the electrical potential applied to the 
second load terminal 12 may be equal to the electrical 
potential present at a collector ( drain ) terminal of the power 
semiconductor transistor , and the electrical potential applied 
to the first load terminal 11 may be equal to the electrical 
potential present at a gate terminal , e . g . , a control terminal , 
of the power semiconductor transistor . This aspect will be 
elucidated in more detail below . 
[ 0158 ] In the following , some exemplary structural fea 
tures , e . g . , dopant concentrations and spatial dimensions , of 
the some regions of the semiconductor body 10 shall be 
explained . 
101591 The drift region 100 may constitute the major part 
of the semiconductor body 10 and may exhibit a dopant 
concentration within the range of 5e12 cm - 3 to 2e14 cm3 , 
or within in the range of 2e13 cm - 3 to le14 cm - 3 , or within 
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barrier region 153 may contiguously extend within the 
active region 1 - 1 so as to form a part of a plurality or of even 
all breakthrough cells 15 of the chip . 
[ 0165 ] Each first barrier region 152 may be arranged so as 
to protect the insulation structure 16 against too high elec 
trical field strengths . 
[ 0166 ] For example , as also indicated in FIG . 24 , the first 
doped region 102 may extend deeper into the semiconductor 
body 10 than the first barrier region 152 , wherein a step 154 
formed due to the difference in depth level may be covered 
by the second semiconductor barrier region 153 . In other 
words , step 154 may be formed at the transition between the 
first doped region 102 and the second barrier region 153 . In 
addition , as has been mentioned above , the dopant concen 
tration of the first doped region 102 can be greater as 
compared to the dopant concentration of the first barrier 
region 152 . 
[ 0167 ] For example , the step 154 defines the location of an 
initial breakdown when the voltage applied between the load 
terminals 11 , 12 exceeds the chip nominal blocking voltage . 
This aspect will be elucidated in more detail with respect to 
FIG . 4 below . 
[ 0168 ] For example , said step 154 may extend along the 
extension direction Z for at least 1 um , for at least 3 um , or 
for even more than 4 Om . It shall be understood that , 
depending on the process , step 154 may exhibit a course 
slightly different as illustrated . The step 154 is approxi 
mately at the corner formed between a bottom of the first 
doped region 102 and sidewalls of the first doped region 
102 . Said corner can be a rounded corner . 
[ 0169 ] For example , the dopants for forming the first 
doped regions 102 may be provided by carrying out an 
implantation processing step , using the insulation structure 
16 and the plurality of recesses 161 thereof as a mask , i . e . , 
by means of a self - adjusted ( self - aligned ) process . 
[ 0170 ] For example , the dopants present in each of the first 
doped region 102 , the first barrier region 152 and the second 
barrier region 153 can be implanted dopants . This may allow 
for producing an accurate dopant concentration profile along 
with the extension direction Z . 
[ 0171 ] Now referring to FIG . 4 , which schematically and 
exemplarily illustrates each of courses of dopant doses 
CCND , CCNA and a course of an electrical field E ( each in an 
arbitrary unit ( arb . an . ) ) , in an embodiment of the overvolt 
age protection power semiconductor chip 1 , e . g . , in the 
embodiment as exemplarily illustrated in FIG . 3 and along 
an axis parallel to the extension direction Z that crosses the 
recess 161 in a central position , the following may apply : 
[ 0172 ] The dopant dose ( CCNA ) of the first doped region 
102 may be within the range of lel3 cm2 to 5e14 cm , or 
within in the range of 5e14 cm - 2 to le15 cm - 2 . In any case , 
the dopant dose of the first doped region 102 may be greater 
than the dopant concentration of the first barrier region 152 , 
e . g . , greater than a factor of at least 10 , of at least 50 , or of 
even more than 100 . For example , the first doped region 102 
may extend for at least 1 Om , e . g . , in the range of 1 um to 
3 um or in the range of 3 um to 6 um along the extension 
direction Z . 
[ 0173 ] The dopant dose of the first barrier region 152 ( not 
illustrated in FIG . 4 ) may be within the range of lell cm - 2 
to le14 cm - 2 , or within in the range of 5el1 cm - 2 to 1e13 
cm - ? , or within the range of 1e12 cm 2 to 8e12 cm - 2 . For 
example , the first barrier region 152 may extend for at least 
1 Om along the extension direction Z . 

[ 0174 ] The dopant dose ( CCND ) of the second barrier 
region 153 arranged adjacent to the first doped region 102 
may be within the range of le12 cm - - to le14 cm - , or 
within in the range of 5e12 cm - 2 to 5e13 cm - , or within the 
range of lel2 cm - 2 to le13 cm - 2 . In any case , the dopant 
concentration of the second barrier region 153 may be 
greater than that dopant concentration of the drift region 
100 , e . g . , greater than a factor of at least 1 . 5 , of at least 4 , 
or of even more than 6 . For example , the second barrier 
region 153 may extend for at least 3 Om along the extension 
direction Z . 
[ 0175 ] As already indicated above , if present , the emitter 
1091 may have an integral dopant concentration ( CCNA ) in 
the range of le12 cm - 2 to lel4 cm ? , and the field stop 
region 1092 may have a volumetric peak dopant concentra 
tion ( CCD ) in the range of 5e13 cm - 3 to lel6 cm - " , or in 
the range of 1e14 cm - 3 to 2e15 cm - 3 . 
10176 ] For example , the second barrier region 153 may be 
configured to increase the rate of change of the electrical 
field in the non - conducting state of the breakthrough cell 15 . 
As indicated in FIG . 4 , during the non - conducting ( i . e . , 
blocking ) state of the breakthrough cell 15 , the electric field 
E may exhibit a maximum in a zone where the first doped 
region 102 interfaces with the second barrier region 153 , 
e . g . , at step 154 . Accordingly , the initial breakdown during 
excess of the voltage applied between the load terminals 11 
and 12 will be located in this zone , e . g . , at step 154 formed 
at the transition between the first doped region 102 and the 
second barrier region 153 , in accordance with an embodi 
ment . Thus , in an embodiment , the proposed structure of the 
breakthrough cell 15 may allow for exactly positioning the 
location of the initial breakthrough in the chip 1 . 
[ 0177 ] Additionally referring to FIG . 5 , which schemati 
cally and exemplarily illustrates a section of a horizontal 
projection , in accordance with an embodiment , in each of 
the breakthrough cells 15 , the first doped region 102 , the first 
barrier region 152 and the second barrier region 153 can be 
arranged symmetrically with respect to a fictitious vertical 
axis traversing the respective breakthrough cell 15 . The 
fictitious vertical axis may be arranged in parallel to the 
extension direction Z . Accordingly , as has been mentioned 
above , each breakthrough cell 15 may exhibit a circular 
horizontal cross - section , for example . For example , such 
configuration may also contribute to exact positioning of the 
location of the breakthrough and it may further prevent 
movement of the breakthrough . 
[ 0178 ] In accordance with an embodiment , for example as 
schematically exemplarily illustrated in both FIG . 2B and 
FIG . 24 , the breakthrough cell 15 may further comprise the 
recombination zone 159 that extends into at least the first 
doped region 102 . 
[ 0179 ] For example , the recombination zone 159 provides 
a locally decreased charge carrier lifetime . For example , 
thereby , a recombination rate within the recombination zone 
159 , i . e . , within the first doped region 102 , may be increased . 
0180 ] Due to the recombination zone 159 , the break 
through cell 15 may provide for an inhomogeneous charge 
carrier lifetime along the extension direction Z , at least in 
proximity to the first load terminal 11 . For example , due to 
the recombination zone 159 , the charge carrier lifetime in 
the first doped region 102 varies along the extension direc 
tion Z by a factor of at least of 10 or even of at least 100 . 
10181 ] In an embodiment , the recombination zone 159 
may allow for reducing or even eliminating a temperature 
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dependency of an eventual reverse current ( which could also 
be referred to as a “ reverse leakage current ” ) , e . g . , due to an 
amplification enhanced charge carrier generation . Such 
reverse current may come into being if the potential of the 
first load terminal 11 is greater than the potential of the 
second load terminal 12 , e . g . , during the reverse blocking 
state of the breakthrough cell 15 . 
[ 0182 ] In addition , the recombination zone 159 , i . e . , its 
extension along the extension direction Z and the charge 
carrier lifetime present therein , can be chosen so as to adjust 
an amplification factor ( O ) of the doped contact region 109 , 
which may include , as has been explained above , the emitter 
region 1091 . 
10183 ] In accordance with an embodiment ( not illus 
trated ) , the recombination zone 159 may also extend into the 
section of the second barrier region 153 arranged below the 
first doped region 102 , and optionally even slightly into the 
drift region 100 . 
[ 0184 ] For example , the recombination zone 159 may be 
produced by carrying out a damage implantation processing 
step , e . g . , using the insulation structure 16 and its recess 161 
as a mask . Accordingly , in an embodiment , the recombina 
tion zone 159 can be produced using a self - adjusted ( self 
aligned ) process , during which , for example , no separate 
mask is needed in order to correctly position the recombi 
nation zone 159 . By means of carrying out the implantation 
processing step with a defined implantation energy and a 
defined implantation dose and duration , the total extension 
of the recombination zone 159 along the extension direction 
Z and the charge carrier lifetime present therein can be 
exactly adjusted . 
[ 0185 ] In an embodiment , at least one of argon ( Ar ) , 
silicon ( Si ) , oxygen ( O ) , helium ( He ) , molybdenum ( Mo ) 
and boron ( B ) is used as an implantation material for 
forming the recombination zone 159 . In another embodi 
ment , protons are implanted for forming the recombination 
zone 159 . 
[ 0186 ] The implantation processing step may occur with 
an implantation dose within the range of 5e13 atoms / cm? to 
1e15 atoms / cm² , and / or an implantation energy within the 
range of 150 keV to 1 . 5 MeV , for example . 
[ 0187 ] After the implantation processing step , a high 
temperature annealing processing step may occur , e . g . , at 
temperatures below 450° C . , e . g . , so as to maintain the 
damage caused by the implantation . 
[ 0188 ] In another embodiment , the recombination zone 
159 is produced by carrying out a diffusion processing step . 
For example , a heavy metal , such as platinum ( Pt ) , palla 
dium ( Pd ) and / or molybdenum ( Mo ) , can be used in order to 
produce an inhomogeneous charge carrier lifetime profile 
along the extension direction Z . 
[ 0189 ] In an embodiment , the charge carrier lifetime does 
not only vary along the extension direction Z , but , addition 
ally or alternatively , also along at least one of the lateral 
directions X and Y . 
[ 0190 ] In an embodiment , the concentration of the mate 
rial used for forming the recombination zone 159 , e . g . , a 
damage material , may exhibit its maximum at a median 
position of the recombination zone 159 along the extension 
direction Z . Further , the charge carrier lifetime may be 
inversely proportional to said concentration . Thus , for 
example , at the median position of the recombination zone 
159 along the extension direction Z ( wherein said position 

may be arranged within the first doped region 102 ) , the 
charge carrier lifetime may exhibit a minimum . 
[ 0191 ] Further , the concentration of the material used for 
forming the recombination zone 159 may decrease along the 
lateral directions X and Y and along any linear combination 
of thereof ) , e . g . , in an exponential manner . 
[ 0192 ] With regards to FIGS . 25A - B , exemplary courses 
of dopant concentrations N4 ( acceptor dopant concentration / 
p - type dopant concentration ) and N , ( donator dopant con 
centration / n - type dopant concentration ) in conjunction with 
an exemplary course of the electric field E and an exemplary 
course of the crystal defect concentration of the recombi 
nation zone 159 , each along the vertical direction Z , shall be 
described . For example , such courses can be found in an 
embodiment according to one or more of FIGS . 1 - 16 , 
wherein FIG . 25A addresses the second barrier region 153 
( the first barrier region 152 may or may not be present ; e . g . , 
referring to FIG . 3 , a cross - section along the vertical direc 
tion Z through the recess 161 does not cross the first barrier 
region 152 ) . 
101931 . The dopant concentration profile of the first doped 
region 102 , e . g . , a p - type dopant concentration , can be 
separated into two or more parts ; e . g . , an upper part with the 
highest dopant concentration , e . g . , for establishing a low 
ohmic contact to the emitter terminal 11 , a middle part with 
a medium dopant concentration , and , optionally , a lower 
part , with a rather low mean concentration but optionally 
having one local maxima ( not illustrated in FIG . 25A ) , e . g . , 
such that the first doped region 102 provides for a field stop 
or a barrier , e . g . , a p - barrier , functionality . Adjacent or 
coupled to the first doped region 102 , the drift region 100 
extends along the vertical direction and exhibits a rather low 
dopant concentration , e . g . , an n - type dopant concentration . 
As explained above , the second barrier region 153 may be 
implemented between the first doped zone 102 and the drift 
region 100 , wherein the second barrier region 153 forms the 
pn - junction 1021 with the first doped zone 102 and exhibits 
a significantly higher dopant concentration than the drift 
region 100 . The field stop region 1092 exhibits a dopant 
concentration , e . g . , of the n - type , significantly greater than 
the drift region 100 . As has been explained above , the dopant 
concentration of the field stop region 1092 may be a proton 
induced dopant concentration . Finally , the emitter region 
1091 , e . g . , a p - type emitter , exhibits a relatively high dopant 
concentration . 
[ 0194 ] The electric field E , during the forward blocking 
state , exhibits its peak close to the first doped region 102 ; 
however , in accordance with an embodiment , the peak does 
not extend into the recombination zone 159 that is imple 
mented at least within the first doped region 102 . Rather , the 
recombination zone 159 is spatially separated from the 
location of the peak of the electric field during the forward 
blocking state ( cf . distance AZ ) , in accordance with an 
embodiment . For example , the distance along the vertical 
direction Z between the pn - junction 1021 and a deepest 
point of the recombination zone 159 , e . g . , the distance AZ 
indicated in each of FIG . 25A amounts to at least 0 . 5 um , or 
to at least 5 um . In an embodiment , the distance AZ is within 
the range of 1 um to 3 um . 
[ 0195 ] As has been indicated above , the recombination 
zone 159 may comprise said crystal defects . The crystal 
defects may be formed by implanting ions into the first 
doped region 102 . For example , the implanted ions include done 
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at least one of helium , argon , silicon , oxygen , molybdenum , 
platinum , gold and boron . In another embodiment , protons 
are implanted . 
[ 0196 ] In an embodiment , the crystal defects are tempera 
ture - stable up to a temperature of at least 360° , of at least 
390° , or of at least 420° . Further , the crystal defects may 
exhibit such temperature - stability at least for one hour , at 
least for two , or for even more than four hours . Such 
temperature and time ranges may occur , e . g . , during pro 
cessing of thin wafers . For example , in case of ions , it can 
thereby be ensured that the damage , e . g . , the defects , caused 
by said ion implantation can be substantially maintained , 
even after a temperature annealing processing step . 
10197 Regarding further aspects of the recombination 
zone 159 as shown in FIG . 25A , e . g . , its position , its 
recombination centers etc . , it is referred to the description of 
the switch 1 above , e . g . , to the description of FIGS . 20A - B . 
[ 0198 ] FIG . 6 schematically and exemplarily illustrates an 
equivalent circuit of a power semiconductor module 3 
comprising a power semiconductor transistor 2 and an 
embodiment of the overvoltage protection power semicon 
ductor chip 1 . The overvoltage protection power semicon 
ductor chip 1 may exhibit one of the configurations that have 
been explained in the above with respect to the preceding 
drawings . 
[ 0199 ] Accordingly , in an equivalent circuit , the chip 1 
may be depicted as two diodes connected anti - serially with 
each other ( cf . also FIG . 23 ) , wherein the two cathode 
regions of the diodes can be formed by the drift region 100 . 
For example , the power semiconductor transistor 2 to be 
protected against an overvoltage may exhibit an IGBT 
configuration . For example , the transistor 2 has an emitter 
terminal ( also referred to as source terminal ) 21 , a collector 
terminal ( also referred to as drain terminal ) 22 and a gate 
terminal 23 , which may form , e . g . , a control terminal . 
[ 0200 ) As illustrated in FIG . 6 , the collector terminal 22 
can be electrically connected to the second load terminal 12 
of the chip 1 , and the first load terminal 11 of the chip 1 may 
be electrically connected to the control terminal 23 of the 
transistor 2 . Thus , both the first load terminal 11 and the gate 
terminal 23 may " see ” the same control signal . In another 
embodiment , the first load terminal 11 of the chip 1 is 
connected to another terminal exhibiting another electrical 
potential as the gate terminal 23 , which may allow for 
controlling the chip 1 independently from the transistor 2 . 
For example , the transistor 2 may be controlled in a usual 
manner , e . g . , by applying a control voltage between the gate 
terminal 23 and the emitter terminal 21 , e . g . , so as to 
selectively set the transistor 2 in one of a conducting state 
and blocking state , e . g . , so as to control switching operation 
of the transistor 2 . 
[ 0201 ] FIG . 7 schematically and exemplarily illustrates 
operating ranges of the power semiconductor module 3 
depicted in FIG . 6 . For example , if the voltage Vce between 
the collector terminal 22 and the emitter terminal 21 is below 
the first threshold value Vth . 1 , the transistor 2 may be 
operated normally , e . g . , with no breakdown situation occur 
ring . If the voltage V ce exceeds a third threshold value V th , 3 , 
the transistor 2 may breakdown , e . g . , voltages Vce above 
Vthz may constitute voltages significantly above the voltage 
rating of the transistor 2 , which is indicated by the second 
threshold value Vth . 2 in FIG . 7 . If the voltage VCE is within 
the range defined by the first threshold value Vth , and the 
third threshold value Vhz , a clamping operation may be 

implemented , e . g . , an active clamping operation or condi 
tional active clamping operation . In an embodiment , the chip 
1 is configured to be employed during such clamping 
operation . 
[ 0202 ] For example , the first threshold value Vth , i indi 
cates the nominal chip blocking voltage of the chip 1 . 
Accordingly , as has been explained above , if the voltage 
between the load terminals 12 and 11 exceeds the value 
Vth . 1 , the breakthrough cells 15 of the chip 1 may adopt to 
a conducting breakthrough state . The second threshold value 
Vth , 2 may indicate the blocking voltage for which the tran 
sistor 2 has been rated . For example , Vth1 amounts to 
approximately 1500 V , and Vthe amounts to approximately 
1600 V . The third threshold value Vt , 3 may indicate the 
voltage at which the transistor 2 breaks down . For example 
the third value Vth , 3 may amount to approximately 1900 V . 
[ 0203 ] For example , during switching operations of tran 
sistor 2 within voltage ranges of Vce below Vth , 1 , the chip 
1 remains entirely inactive , i . e . , each breakthrough cells 15 
remains in the non - conducting state . During switching 
operations in which Vce exceeds Vth , 1 , chip 1 may be 
configured to reduce this voltage Vce due to the break 
through cells 15 adopting the conducting breakthrough state . 
[ 0204 ] Thus , in an example , if an overvoltage occurs at the 
collector terminal 22 , the breakthrough cells 15 of the chip 
1 may adopt to the conducting breakthrough state , which 
may lead to re - turn - on operation at the transistor 2 . Such 
re - turn - on operation reduces the voltage Vce between the 
collector terminal 22 and the emitter terminal 21 to safe 
values , e . g . between Vth , and Vtha in accordance with an 
embodiment . If the transistor 2 is operated in the on - state , 
i . e . , when conducting a load current , the breakthrough cells 
15 of the chip 1 remain inactive , e . g . , by maintaining said 
reverse blocking state . 
[ 0205 ] In the following , further exemplary optional 
aspects will be explained : 
[ 0206 ] FIG . 8 schematically and exemplarily illustrates a 
section of a vertical cross - section of the inactive edge 1 - 2 
region of an embodiment of the overvoltage protection 
power semiconductor chip 1 . The chip 1 may comprise a 
diode arrangement 17 arranged at the frontside and external 
of the semiconductor body 10 , wherein the diode arrange 
ment 17 laterally overlaps with the inactive edge region 1 - 2 
and is connected to the first load terminal 11 and to a further 
terminal 18 . The diode structure 17 may be configured to 
block a voltage in both directions , e . g . , up to a magnitude of 
at least 20 V . 
[ 0207 ] . For example , the further terminal 18 is electrically 
connected to the emitter terminal 21 of the power semicon 
ductor transistor 2 . Then , the diode structure 17 may be 
configured to protect the gate terminal 23 against too high 
voltages , e . g . , against voltages above the blocking capability 
of the diode structure 17 of , e . g . , 20 V . With respect to the 
equivalent circuit schematically illustrated in FIG . 6 , the 
diode structure 17 can be arranged between terminals 11 and 
21 . Accordingly , by means of the diode structure 17 , the chip 
1 may provide the transistor 2 with extended protection ; the 
transistor is not only protected against too high values of 
VCE , but also against too high values of VGE ( voltage 
between terminals 21 and 11 in FIG . 6 ) , in accordance with 
an embodiment . 
[ 0208 ] The inactive edge region 1 - 2 may be terminated by 
a channel stopper ring 121 that may be electrically con 
nected to the second load terminal 12 . The diode structure 
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may comprise one or more diodes 171 connected in series 
with each other . For example , the diodes 171 may be 
poly - crystalline diodes . Further , the first load terminal 11 
may be electrically connected to a cathode port of the diode 
structure 17 , and the further terminal 18 may be electrically 
connected to an anode port of the diode structure 17 . 
0209 ] . Further , the semiconductor body 10 may include a 
doped semiconductor structure 108 laterally overlapping 
with each of the first load terminal 11 and the diode structure 
17 . For example , the doped semiconductor structure 108 
exhibits the VLD ( variation of lateral doping ) configuration . 
[ 0210 ] FIG . 9 schematically and exemplarily illustrates a 
section of a horizontal projection of an embodiment of the 
overvoltage protection power semiconductor chip 1 , and 
FIGS . 10 - 11 each schematically and exemplarily illustrate a 
section of a vertical cross - section of an overvoltage protec 
tion power semiconductor chip 1 in accordance with some 
embodiments . 
[ 0211 ] For example , the chip 1 may not only include said 
breakthrough cells 15 , but also one or more first type 
auxiliary cells 191 and / or one or more second type auxiliary 
cells 192 . An example of the first type auxiliary cell 191 is 
schematically illustrated in FIG . 10 , and an example of a 
second type auxiliary cell 192 is schematically illustrated in 
FIG . 11 . 
[ 0212 ] For example , the chip 1 may include a plurality of 
second type auxiliary cells 192 . The second type auxiliary 
cells 192 may be arranged in a transition region between the 
active region 1 - 1 and the inactive edge region 1 - 2 , as 
schematically illustrated in FIG . 9 , e . g . , so as to surround the 
active region 1 - 1 . Further , the second type auxiliary cells 
192 may also be included in the active region 1 - 1 . For 
example , the number of second type auxiliary cells 192 
included within the active region 1 - 1 may be within the 
range from zero to the number of breakthrough cells 15 . For 
example , in the active region 1 - 1 , the number of break 
through cells 15 is greater than the number of second type 
auxiliary cells 192 . 
10213 ] . In addition , there may be included one or more first 
type auxiliary cells 191 in the active region 1 - 1 , in accor 
dance with an embodiment . 
10214 ] . The first type auxiliary cell 191 may exhibit similar 
configuration as the breakthrough cells 15 , the difference 
including an optional greater extension of the doped contact 
region ( reference numeral 109 ' in FIG . 10 ) . In accordance 
with the embodiment illustrated in FIG . 10 , the first type 
auxiliary cell 191 may include an insulation structure 16 ' 
arranged at the frontside and having a recess 161 ' into which 
the first load terminal 11 extends and interfaces with the 
semiconductor body 10 ; a drift region 100 ' having dopants 
of the first conductivity type ; an anode region 151 ' having 
dopants of the second conductivity type and being electri 
cally connected to the first load terminal 11 ; a first barrier 
region 152 ' having dopants of the second conductivity type 
at a lower dopant concentration than the anode region 151 ' 
and arranged in contact with each of the anode region 151 ' 
and the insulation structure 16 ; and a second barrier region 
153 ' having dopants of the first conductivity type at a higher 
dopant concentration than the drift region 100 ' and separat 
ing both the anode region 151 ' and at least a part of the first 
barrier region 152 ' from the drift region 100 ' ; and a doped 
contact region 109 ' arranged in contact with the second load 
terminal 12 , wherein the drift region 100 ' is positioned 
between the second barrier region 153 ' and the doped 

contact region 109 ' , and wherein the doped contact region 
109 ' extends into the semiconductor body 10 for up to 50 % 
of the total thickness of the semiconductor body 10 , e . g . , for 
at least 20 % of said total thickness . For example , such great 
extension of the doped contact region 109 ' may be substan 
tially constituted by means of an extended field stop region 
1092 ' , as schematically illustrated in FIG . 10 . 
[ 0215 ] For example , the further extension in the extension 
direction Z of the field stop region 1092 ' of the first type 
auxiliary cell 191 as compared to the extension of the field 
stop region 1092 of the breakthrough cell 15 may allow for 
a lower reverse current that may come into being , as has 
been explained above , if the potential of the first load 
terminal 11 is greater than the potential of the second load 
terminal 12 
[ 0216 ] Now referring to FIG . 11 , an exemplary configu 
ration of the second type auxiliary cell 192 is explained . 
Each of the one or more second type auxiliary cells 192 may 
comprise : an insulation structure 16 " arranged at the fron 
tside and having a recess 161 " into which the first load 
terminal 11 extends and interfaces with the semiconductor 
body 10 ; a drift region 100 " having dopants of a first 
conductivity type ; a first barrier region 152 " having dopants 
of the second conductivity type and being electrically con 
nected to the first load terminal 11 ; a doped contact region 
109 " arranged in contact with the second load terminal 12 , 
wherein the drift region 100 is positioned between the first 
barrier region 152 " and the doped contact region 109 " . 
[ 0217 ] Thus , in comparison with the breakthrough cell 15 , 
the second type auxiliary cell 192 does neither include an 
anode region nor a second barrier region the number of 
second type auxiliary cells 192 . Rather , the first barrier 
region 152 " of the second type auxiliary cell 192 interfaces 
directly with the first load terminal 11 , i . e . , without an anode 
region that has a greater dopant concentration than the first 
barrier region . On the other side , the first barrier region 152 " 
of the second type auxiliary cell 192 interfaces directly with 
the drift region 100 " , i . e . , without a second barrier region as 
it is included in the breakthrough cell 15 . 
[ 0218 ] In accordance with an embodiment , each of the one 
or more second type auxiliary cells 192 may be configured 
to operate as charge carrier drainage cell . This may provide 
for a lower reverse current , which provides for a drainage of 
holes , in accordance with an embodiment . 
[ 0219 ] In an embodiment , such reverse current may occur 
if the chip 1 is operated with a potential at the first load 
terminal 11 that is higher than the potential of the second 
load terminal 12 , i . e . , during the reverse blocking state . 
[ 0220 ] Regarding all three cell types 15 , 191 , 192 , it 
should be noted that these may share a common drift region 
( 100 , 100 ' , 100 " ) , a common doped contact region ( 109 , 
109 ' , 109 " ) and a common first barrier region ( 102 , 151 ' , 
151 " ) , in accordance with an embodiment . 
[ 0221 ] As has already been explained above , the chip 1 
may be coupled to a power semiconductor transistor 2 , e . g . , 
in the manner as schematically and exemplarily illustrated 
by means of the equivalent circuit of FIG . 6 , so as to protect 
the power semiconductor transistor 2 against an overvoltage , 
e . g . , a transient overvoltage that may occur during the 
switching operation of the transistor 2 . As it is known to the 
skilled person , a power semiconductor transistor may com 
prise a plurality of transistor cells that may be integrated on 
a common die . 



US 2018 / 0269313 A1 Sep . 20 , 2018 
16 

[ 0222 ] Now referring to FIG . 12 , which schematically and 
exemplarily illustrates a section of a horizontal projection of 
an embodiment of the overvoltage protection power semi 
conductor chip 1 , for example , the transistor may comprise 
a plurality of transistor cells 14 , wherein each of the tran 
sistor cells 14 may be integrated within the chip 1 . 
10223 ] It shall be noted that even though the reference 
numeral 14 is employed for the transistor cells 14 of the chip 
1 of FIG . 12 , these transistor cells 14 ( as also illustrated in 
FIG . 13 ) typically do not comprises the recombination zone 
159 as illustrated in FIGS . 17A - 19 A . Whereas this option is 
not excluded , the recombination zones 159 of the chip 1 of 
FIG . 12 are rather included in said breakthrough cells 15 . 
0224 ] A section of a vertical cross - section of a transistor 
cell 14 of an embodiment of a power semiconductor tran 
sistor 2 is schematically and exemplarily illustrated in FIG . 
13 . Accordingly , each of the transistor cells 14 may com 
prise : a source region 101 having dopants of the first 
conductivity type and being electrically connected to an 
emitter terminal 21 ; a drift region 100 ' ' having dopants of 
the first conductivity type ; a body region 1020 having 
dopants of the second conductivity type and being electri 
cally connected to the emitter terminal 21 and isolating the 
source region 101 from the drift region 100 ; an insulated 
gate electrode 131 configured to control the transistor cell 
14 ; and a doped contact region 109 ' " electrically connected 
to the collector terminal 22 and having dopants of the second 
conductivity type . The doped contact region 109 ' " of the 
transistor cell 14 may comprise an emitter ( not illustrated ) 
electrically connected to the collector terminal 22 and a field 
stop region ( not illustrated ) , e . g . , configured in a manner as 
exemplarily explained with the respect to the emitter region 
1091 and the field stop region 1092 further above . 
[ 0225 ] . However , it shall be understood that the present 
specification is not limited to any specific kind of a con 
figuration of the transistor cell 14 . For example , in FIG . 13 , 
the transistor cell 14 exhibits a trench gate IGBT configu 
ration where the gate electrode 131 is included in a trench 
and isolated by means of a trench insulator 142 , but , in 
another embodiment , the transistor cell 14 may also exhibit 
a planar gate electrode , for example . 
[ 0226 ] FIG . 14 schematically and exemplarily illustrates a 
section of a vertical cross - section of an embodiment of the 
overvoltage protection power semiconductor chip 1 that 
includes one or more transistor cells 14 , e . g . , as also illus 
trated in FIG . 12 . Thus , the semiconductor body 10 , e . g . , a 
monolithic semiconductor body 10 , is shared by each of the 
breakthrough cells 15 and the transistor cells 14 . Each of the 
breakthrough cells 15 and the transistor cells 14 may be 
arranged within the active region 1 - 1 of the chip 1 , and , 
further , the inactive region 1 - 2 may exhibit a greater break 
through voltage as compared to the nominal chip blocking 
voltage , which may allow for ensuring that an eventual 
breakthrough takes place within the active region 1 - 1 and 
not within the inactive region 1 - 2 , as has already been 
elucidated above . 
[ 0227 ] In an embodiment , the first load terminal 11 of the 
breakthrough cells 15 and the emitter terminal 21 may be 
electrically connected to each other , e . g . , by means of a 
common frontside metallization . For example , this may 
allow for realizing a direct clamping functionality , e . g . , by 
temporarily short - circuiting the collector terminal 22 with 
the emitter terminal 21 by means of the breakthrough cells 
15 . 

[ 0228 ] In addition , a backside metallization of the chip 1 
may form each of the second load terminal 12 for the 
breakthrough cells 15 and the collector terminal 22 for the 
transistor cells 14 . The doped contact region 109 that may 
include said emitter 1091 and said field stop region 1092 
may also be shared by each of the breakthrough cells 15 and 
the doped contact region 109 . In other words , the doped 
contact regions 109 of the breakthrough cells 15 and the 
doped contact regions 1091 " of the transistor cells 14 can 
form a contiguous contact layer within the semiconductor 
body 10 . Thus , the breakthrough cells 15 and the transistor 
cells 14 may exhibit an equally configured backside struc 
ture . Further , in an embodiment , the drift regions 100 of the 
breakthrough cells 15 and the drift regions 100 ' " of the 
transistor cells 14 may form a contiguous drift layer within 
the semiconductor body 10 . On the frontside of the chip , the 
terminals may be coupled to each other as already schemati 
cally illustrated in FIG . 6 . Accordingly , the emitter terminal 
21 and the first load terminal 11 may be electrically insulated 
from each other or , respectively , in another embodiment said 
diode structure 17 may be provided as has been explained 
with respect to FIG . 8 . However , the first load terminal 11 
may be electrically connected to a gate terminal of the chip 
1 , and may thus be electrically connected to the gate 
electrode 131 . In another embodiment , the first load terminal 
11 of the chip 1 and the gate terminal 23 that is electrically 
connected to the gate electrode 131 may be separated and 
electrically insulated from each other , as has also already 
been explained above . Thus , it shall again be emphasized 
that the first load terminal 11 that is electrically connected to 
the anode regions 102 of the breakthrough cells 15 must not 
necessarily be electrically connected or electrically coupled 
to the gate terminal ( cf . reference numeral 23 in FIG . 6 ) , but 
may instead be electrically connected to another electrical 
potential , in accordance with an embodiment . 
[ 0229 ] FIGS . 15A - B each schematically and exemplarily 
illustrate a section of an integrated power semiconductor 
module 3 comprising an embodiment of the power semi 
conductor transistor 2 and an embodiment of the overvoltage 
protection power semiconductor chip 1 . Regarding exem 
plary configurations of the chip 1 and of the transistor 2 , it 
is referred to the above . 

[ 0230 ] In contrast with the embodiment schematically 
illustrated in FIGS . 12 and 14 , in accordance with the 
embodiments illustrated in FIGS . 15A - B , the transistor 2 
and the chip 1 are not integrated on a monolithic die , but on 
at least two separate dies . Nevertheless , the chip 1 and 
transistor 2 may be commonly packed within a shared 
package 35 . Thus , in accordance with an embodiment , the 
integrated power semiconductor module 3 comprising the 
transistor 2 and the chip 1 can be provided as a single piece 
device . 
[ 0231 ] Within the shared package 35 , there may be pro 
vided a backside load terminal ( not visible in FIGS . 15A - B ) 
that may form each of the second load terminal 12 of the 
chip 1 and the collector terminal 22 of the transistor 2 . Thus , 
these two terminals 12 and 22 may exhibit the same elec 
trical potential . Further , the package 35 may include a 
frontside load terminal 31 that may be electrically connected 
to the emitter terminal 21 of the transistor 2 . In addition , 
there may be a package control terminal 33 electrically 
connected to the gate terminal 23 of the transistor 2 , e . g . , for 
providing a control signal to the gate terminal 23 . 
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[ 0232 ] In accordance with the embodiment illustrated in 
FIG . 15A , the package control terminal 33 may simultane 
ously be electrically connected to the first load terminal 11 
of the chip 1 ; i . e . , the gate terminal 23 and the first load 
terminal 11 may exhibit the same electrical potential . Thus , 
the first load terminal 11 of the chip 1 would also “ see ” the 
same gate signal as the gate terminal 23 of the transistor 2 . 
[ 0233 ] In accordance with the embodiment schematically 
illustrated in FIG . 15B , these two electrical potentials are not 
short - circuited , but the package control terminal 33 is only 
electrically connected to the gate terminal 23 of the transis 
tor 2 , and a separate package terminal 36 is provided that is 
electrically connected to the first load terminal 11 , e . g . , so as 
to control operation of the chip 1 , i . e . , of the breakthrough 
cells 15 included therein , independently from controlling the 
transistor 2 . 
[ 0234 ] In an embodiment of the module 3 , each break 
through cell 15 of the chip 1 may be configured to remain in 
a non - conducting state if the voltage between the load 
terminals 11 , 12 is below a nominal chip blocking voltage 
and to adopt to a conducting breakthrough state if the 
voltage between the load terminals 11 , 12 is above the 
nominal chip blocking voltage , wherein the nominal chip 
blocking voltage can be lower than the nominal transistor 
blocking voltage . For example , during switching operation 
of the transistor 2 , the chip 1 may be configured to imple 
ment at least one of an active clamping or a conditional 
active clamping functionality . 
[ 0235 ] Referring to all embodiments described herein , the 
nominal chip blocking voltage can be equal to or greater 
than 600 V , greater than 3000 V , or even greater than 8000 

second load terminal 12 , wherein the drift region 100 is 
positioned between the second barrier region 153 and the 
doped contact region 109 . 
[ 0240 ] It shall be understood that exemplary embodiments 
of the method 4 may correspond to the exemplary embodi 
ments of the chip 1 that have been described above . 
10241 ] For example , at least one of forming the first doped 
region 102 , forming the first barrier region 152 and forming 
the second barrier region 153 includes carrying out at least 
one implantation processing step . In an embodiment , each of 
the first doped region 102 , the first barrier region 152 and the 
second barrier region 153 are formed by a respective 
implantation processing step . Further , at least one of the one 
or more implantation processing steps can be carried out 
with an ion energy of at least 1 . 5 MeV . 
[ 0242 ] In a further embodiment , method 4 may include 
forming a recombination zone 159 that extends into at least 
the first doped region 102 by carrying out a self - adjusted 
process using the insulation structure 16 as a mask . Regard 
ing this aspect , it is referred to the explanations provided 
above , e . g . , with respect to FIG . 2B where the recombination 
zone 159 has been described and also the way of producing 
such recombination zone 159 . 
[ 0243 ] In the above , embodiments pertaining to power 
semiconductor switches and corresponding processing 
methods were explained . For example , these semiconductor 
devices are based on silicon ( Si ) . Accordingly , a monocrys 
talline semiconductor region or layer , e . g . , the semiconduc 
tor body 10 and its regions / zones , e . g . , regions etc . can be a 
monocrystalline Si - region or Si - layer . In other embodi 
ments , polycrystalline or amorphous silicon may be 
employed . 
[ 0244 ] It should , however , be understood that the semi 
conductor body 10 and its regions / zones 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 ) , gallium arsenide ( GaAs ) , gallium phosphide 
( GaP ) , indium phosphide ( InP ) , indium gallium phosphide 
( InGaPa ) , aluminum gallium nitride ( AIGAN ) , aluminum 
indium nitride ( AlInN ) , indium gallium nitride ( InGaN ) , 
aluminum gallium indium nitride ( AlGaInN ) or indium 
gallium arsenide phosphide ( InGaAsP ) , and binary or ter 
nary II - VI semiconductor materials such as cadmium tellu 
ride ( CdTe ) and mercury cadmium telluride ( HgCdTe ) to 
name few . The aforementioned semiconductor materials are 
also referred to as “ homojunction semiconductor materials ” . 
When combining two different semiconductor materials a 
heterojunction semiconductor material is formed . Examples 
of heterojunction semiconductor materials include , without 
being limited thereto , aluminum gallium nitride ( AIGAN ) 
aluminum gallium indium nitride ( AIGaInN ) , indium gal 
lium nitride ( InGaN ) - aluminum gallium indium nitride ( Al 
GaInN ) , indium gallium nitride ( InGaN ) - gallium nitride 
( GaN ) , aluminum gallium nitride ( AIGAN ) - gallium nitride 
( GaN ) , indium gallium nitride ( InGaN ) - aluminum gallium 
nitride ( AIGAN ) , silicon - silicon carbide ( SixC1 - x ) and sili 
con - SiGe heterojunction semiconductor materials . For 
power semiconductor switches applications currently 
mainly Si , SiC , GaAs and GaN materials are used . 

[ 0236 ] FIG . 16 schematically and exemplarily illustrates 
steps of a method 4 of processing an overvoltage protection 
power semiconductor chip 1 in accordance with one or more 
embodiments . 
[ 0237 ] For example , method 4 comprises : Providing , in 
step 41 , a semiconductor body 10 to be coupled to a first load 
terminal 11 and a second load terminal 12 of the chip 1 , the 
first load terminal 11 to be arranged at a frontside and the 
second load terminal 12 to be arranged at a backside of the 
chip 1 , and wherein the semiconductor body 10 comprises 
each of an active region 1 - 1 and an inactive edge region 1 - 2 
that surrounds the active region 1 - 1 . 
[ 0238 ] Method 4 may further comprise , in step 42 : Form 
ing 42 , in the active region 1 - 1 , a plurality of breakthrough 
cells 15 , each breakthrough cell 15 comprising an insulation 
structure 16 arranged at the frontside and having a recess 
161 into which the first load terminal 11 is to extend and to 
interface with the semiconductor body 10 . 
[ 0239 ] Method 4 may further comprise , in step 43 : Form 
ing the following : a drift region 100 having dopants of a first 
conductivity type ; an first doped region 102 having dopants 
of a second conductivity type and being electrically con 
nected to the first load terminal 11 ; a first barrier region 152 
having dopants of the second conductivity type at a lower 
dopant concentration than the first doped region 102 and 
arranged in contact with each of the first doped region 102 
and the insulation structure 16 ; and a second barrier region 
153 having dopants of the first conductivity type at a higher 
dopant concentration than the drift region 100 and separat - 
ing both the first doped region 102 and at least a part of the 
first barrier region 152 from the drift region 100 ; and a 
doped contact region 109 arranged in contact with the 
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[ 0245 ] 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 respective 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 . 
[ 0246 ] As used herein , the terms “ having ” , " containing ” , 
“ including ” , “ comprising ” , “ exhibiting ” and the like are 
open ended terms that indicate the presence of stated ele 
ments or features , but do not preclude additional elements or 
features . 
[ 0247 ] In a first exemplary subgroup of embodiments , 
where “ exemplary ” means serving as an example , the power 
semiconductor device is embodied as a power semiconduc 
tor switch . 
[ 0248 ] In a second exemplary subgroup of embodiments , 
the power semiconductor device is embodied as an over 
voltage protection power semiconductor chip or as an inte 
grated power semiconductor module . Regarding the over 
voltage protection power semiconductor chipor , 
respectively , the integrated power semiconductor module , it 
shall be understood that these devices may optionally 
include said recombination zone . However , as presented 
herein , there are also embodiments of the overvoltage pro 
tection power semiconductor chip or , respectively , the inte 
grated power semiconductor module , which are not neces 
sarily equipped with the recombination zone . 
[ 0249 ] Regarding these exemplary complexes of embodi 
ments , a few examples are presented below . 

[ 0255 ] 4 . The power semiconductor switch of example 3 , 
further including an active region with a plurality of tran 
sistor cells , wherein the recombination zone is laterally 
structured in that : 
( 0256 ) only each of a share of the plurality of transistor 

cells includes the recombination zone ; and / or 
[ 0257 ] the recombination zone is laterally structured 

within a horizontal cross - section of at least one of the 
plurality of the transistor cells . 

[ 0258 5 . The power semiconductor switch of one of the 
preceding examples , further configured to induce a conduc 
tion channel within the body region for conduction of at least 
a part of the load current during the conducting state , 
wherein the induced conduction channel and the recombi 
nation zone are spatially separated from each other . 
[ 0259 ] 6 . The power semiconductor switch of example 5 , 
wherein a minimum distance between the recombination 
zone and the induced conduction channel amounts to at least 
50 nm . 
[ 0260 ] 7 . The power semiconductor switch of one of the 
preceding examples , wherein the recombination zone 
extends into the source region . 
[ 0261 ] 8 . The power semiconductor switch of one of the 
preceding examples , wherein the recombination zone does 
not extend into the drift region . 
10262 ) 9 . The power semiconductor switch of example 8 , 
wherein the recombination zone exhibits a crystal defect 
concentration at least 1000 times greater than a crystal 
defect concentration within the drift region . 
10263 ] 10 . The power semiconductor switch of one of the 
preceding examples , wherein the body region extends 
deeper into the semiconductor body than the recombination 
zone . 
10264 ] 11 . The power semiconductor switch of one of the 
preceding examples , wherein the first load terminal includes 
a contact groove that interfaces with each of the source 
region and the body region , wherein the recombination zone 
laterally overlaps with the contact groove and exhibits 
lateral dimensions within the range of 60 % to 200 % of the 
lateral dimensions of the contact groove . 
[ 0265 ] 12 . The power semiconductor switch of one of the 
preceding examples , including an active region with a 
plurality of transistor cells each configured to be operated in 
said conducting state , said forward blocking state and said 
reverse blocking state , and an inactive edge region surround 
ing the active region , wherein the recombination zone does 
not extend into the inactive edge region . 
[ 0266 ] 13 . The power semiconductor switch of one of the 
preceding examples , wherein the recombination zone is 
spatially separated from a location of a peak of an electric 
field during the forward blocking state . 
f0267 ] 14 . The power semiconductor switch of one of the 
preceding examples , wherein the recombination zone exhib 
its crystal defects that form a plurality of recombination 
centers within the recombination zone . 
[ 0268 ] . 15 . The power semiconductor switch of example 
14 , wherein the crystal defects are temperature - stable up to 
a temperature of at least 360º . 
[ 0269 ] 16 . The power semiconductor switch of one of the 
preceding examples , wherein the recombination zone exhib 
its a crystal defect concentration that varies along at least a 
lateral direction by a factor of at least two . 
0270 ] 17 . The power semiconductor switch of one of the 
preceding examples , wherein the recombination zone exhib 

Examples of the First Exemplary Subgroup of 
Embodiments , Wherein the Power Semiconductor 
Device is Embodied as a Power Semiconductor 
Switch , and Examples of Corresponding Methods 

[ 0250 ] 1 . A power semiconductor switch , including a 
semiconductor body coupled to a first load terminal and a 
second load terminal , and including : a drift region with 
dopants of a first conductivity type ; a source region with 
dopants of the first conductivity type and electrically con 
nected to the first load terminal ; and a first doped region 
implemented as a body region and with dopants of a second 
conductivity type and separating the source region from the 
drift region , wherein 
[ 0251 ] the drift region , the source region and the body 

region enable the power semiconductor switch to be 
operated in : a conducting state during which a load 
current between the terminals is conducted along a for 
ward direction ; in a forward blocking state during which 
a forward voltage applied between the terminals is 
blocked ; and in a reverse blocking state during which a 
reverse voltage applied between the terminals is blocked ; 
and 

0252 ] the power semiconductor switch includes a damage 
zone and arranged at least within the body region . 

[ 0253 ] 2 . The power semiconductor switch of example 1 , 
wherein the recombination zone is configured to reduce at 
least one of a lifetime and a mobility of charge carriers 
present within the recombination zone . 
10254 ] 3 . The power semiconductor switch of example 1 
or 2 , wherein the recombination zone is laterally structured . 
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its a crystal defect concentration that varies along at least a 
vertical direction by a factor of at least two . 
[ 0271 ] 18 . The power semiconductor switch of one of the 
preceding examples , wherein the body region exhibits a first 
subsection and a second subsection , the first subsection 
interfacing with the first load terminal and having a higher 
dopant concentration than the second subsection , the second 
subsection interfacing with the drift region , wherein the 
recombination zone extends into each of the first and second 
subsection . 
[ 0272 ] 19 . The power semiconductor switch of examples 
13 and 14 , wherein a peak of the crystal defect concentration 
is located within an upper half of the second subsection or 
within a lower half of the first subsection of the body region . 
[ 0273 ] 20 . The power semiconductor switch of one of the 
preceding examples , wherein the semiconductor body 
includes an emitter region being doped with dopants of the 
second conductivity type and being electrically connected 
with the second load terminal , wherein the semiconductor 
body interfaces with the second load terminal exclusively by 
means of the emitter region . 
[ 0274 ] 21 . The power semiconductor switch of one of the 
preceding examples , wherein the semiconductor body fur 
ther includes a field stop region , wherein the field stop 
region terminates the drift region and exhibits a proton 
irradiation induced dopant concentration of dopants of the 
first conductivity type that is greater than the drift region 
dopant concentration . 
[ 0275 ] 22 . A reverse blocking IGBT , including a laterally 
structured recombination zone implemented at least within a 
first doped region implemented as a body region of the 
reverse blocking IGBT . 
[ 0276 ] 23 . A method of processing a power semiconductor 
switch , including : 
[ 0277 ] providing a semiconductor body to be coupled to a 

first load terminal and a second load terminal , and includ 
ing : a drift region with dopants of a first conductivity type ; 
a source region with dopants of the first conductivity type 
and electrically connected to the first load terminal ; and a 
first doped region implemented as a body region and with 
dopants of a second conductivity type and separating the 
source region from the drift region , wherein the drift 
region , the source region and the body region enable the 
power semiconductor switch to be operated in : a conduct 
ing state during which a load current between the termi 
nals is conducted along a forward direction ; in a forward 
blocking state during which a forward voltage applied 
between the terminals is blocked ; and in a reverse block 
ing state during which a reverse voltage applied between 
the terminals is blocked ; and 

[ 0278 ] providing a recombination zone within the body 
region . 

[ 0279 ] 24 . The method of example 23 , wherein providing 
the recombination zone includes introducing crystal defects 
into the semiconductor body by means of at least one of an 
implantation processing step and a diffusion processing step . 
[ 0280 ] 25 . The method of example 23 or 24 , wherein 
providing the recombination zone involves carrying out a 
self - aligned processing step using a groove where each of 
the source region and the body region are to be contacted by 
the first load terminal . 

Examples of the Second Exemplary Subgroup of 
Embodiments , Wherein the Power Semiconductor 
Device is Embodied as an Overvoltage Protection 
Power Semiconductor Chip or as an Integrated 
Power Semiconductor Module , and Examples of 

Corresponding Methods 
[ 0281 ] As indicated above , regarding the second exem 
plary subgroup of embodiments , the recombination zone 
may optionally be provided or not . 
( 0282 ] 1 . An overvoltage protection power semiconductor 
chip including a semiconductor body coupled to a first load 
terminal and a second load terminal of the chip , the first load 
terminal being arranged at a frontside and the second load 
terminal being arranged at a backside of the chip , and 
wherein the semiconductor body includes each of an active 
region and an inactive edge region that surrounds the active 
region , and wherein the active region includes a plurality of 
breakthrough cells , each breakthrough cell including : 
[ 0283 ] an insulation structure arranged at the frontside and 
having a recess into which the first load terminal extends 
and interfaces with the semiconductor body ; and 

[ 0284 ] a drift region having dopants of a first conductivity 
type ; 

10285 ) a first doped region implemented as an anode 
region and having dopants of a second conductivity type 
and being electrically connected to the first load terminal ; 

[ 0286 ] a first barrier region having dopants of the second 
conductivity type at a lower dopant concentration than the 
anode region and arranged in contact with each of the 
anode region and the insulation structure ; and 

0287 ] a second barrier region having dopants of the first 
conductivity type at a higher dopant concentration than 
the drift region and separating each of the anode region 
and at least a part of the first barrier region from the drift 
region ; 

[ 0288 ] a doped contact region arranged in contact with the 
second load terminal , wherein the drift region is posi 
tioned between the second barrier region and the doped 
contact region . 

[ 0289 ] 2 . The chip of example 1 , wherein each break 
through cell is configured to : 
0290 ) remain in a non - conducting state if the voltage 
between the load terminals is below a nominal chip 
blocking voltage ; and 

[ 0291 ] adopt to a conducting breakthrough state if the 
voltage between the load terminals is above the nominal 
chip blocking voltage . 

[ 0292 ] 3 . The chip of example 2 , wherein the chip is 
coupled to a power semiconductor transistor , and wherein 
each of the breakthrough cells are configured for a nominal 
chip blocking voltage that has been determined in depen 
dence of a nominal blocking voltage of the transistor . 
[ 0293 ] 4 . The chip ( 1 ) of one of the preceding examples , 
wherein each breakthrough cell includes a recombination 
zone that extends into at least the first doped region . 
[ 0294 ] 5 . The chip of example 4 , wherein the recombina 
tion zone provides a locally decreased charge carrier life 
time . 
[ 0295 ] 6 . The chip of one of the preceding examples , 
wherein the anode region extends deeper into the semicon 
ductor body than the first barrier region , and wherein a step 
formed due to the difference in depth level is covered by the 
second semiconductor barrier region . 
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[ 0296 ] 7 . The chip of one of the preceding examples , 
wherein the first barrier regions of the breakthrough cells 
form a contiguous semiconductor layer . 
[ 0297 ] 8 . The chip of one of the preceding examples , 
wherein the breakthrough cells are arranged within the 
active region in accordance with a hexagonal tessellation 
pattern . 
[ 0298 ] 9 . The chip of one of the preceding examples , 
wherein , in each of the breakthrough cells , the anode region , 
the first barrier region and the second barrier region are 
arranged symmetrically with respect to a fictitious vertical 
axis traversing the respective breakthrough cell . 
[ 0299 ] 10 . The chip of one of the preceding examples , 
wherein the dopants present in each of the anode region , the 
first barrier region and the second barrier region are 
implanted dopants . 
[ 0300 ] 11 . The chip of one of the preceding examples , 
wherein a transition between the second load terminal and 
the doped contact region forms a Schottky - contact . 
[ 0301 ] 12 . The chip of one of the preceding examples , 
wherein the doped contact region includes an emitter with 
dopants of the second conductivity type and a field stop 
region with dopants of the first conductivity type , the emitter 
being electrically connected to the second load terminal and 
the field stop region arranged between the drift region and 
the emitter . 
[ 0302 ] 13 . The chip of one of the preceding examples , 
further including a diode arrangement arranged at the fron 
tside and external of the semiconductor body , wherein the 
diode arrangement laterally overlaps with the inactive edge 
region and is connected to the first load terminal and to a 
further terminal . 
[ 0303 ] 14 . The chip of example 13 , wherein the further 
terminal is electrically connected to an emitter terminal of a 
power semiconductor transistor . 
[ 0304 ] 15 . The chip of one of the preceding examples , 
wherein the inactive edge region exhibits a greater break 
down voltage than each of the breakthrough cells . 
[ 0305 ] 16 . The chip of one of the preceding examples , 
further including one or more first type auxiliary cells , 
wherein each of the one or more first type auxiliary cells 
includes : 
[ 0306 ] an insulation structure arranged at the frontside and 
having a recess into which the first load terminal extends 
and interfaces with the semiconductor body ; and 

[ 0307 ] a drift region having dopants of the first conduc 
tivity type ; 

[ 0308 ] an anode region having dopants of the second 
conductivity type and being electrically connected to the 
first load terminal ; 

[ 0309 ] a first barrier region having dopants of the second 
conductivity type at a lower dopant concentration than the 
anode region and arranged in contact with each of the 
anode region and the insulation structure ; and 

[ 0310 ] a second barrier region having dopants of the first 
conductivity type at a higher dopant concentration than 
the drift region and separating each of the anode region 
and at least a part of the first barrier region from the drift 
region ; and 

[ 0311 ] a doped contact region arranged in contact with the 
second load terminal , wherein the drift region is posi 
tioned between the second barrier region and the doped 
contact region , and wherein the doped contact region 

extends into the semiconductor body for up to 50 % of the 
total thickness of the semiconductor body . 

[ 0312 ] 17 . The chip of one of the preceding examples , 
further including one ore more second type auxiliary cells , 
wherein each of the one or more second type auxiliary cells 
includes : 
[ 0313 ] an insulation structure arranged at the frontside and 

having a recess into which the first load terminal extends 
and interfaces with the semiconductor body ; and 

[ 0314 ] a drift region having dopants of a first conductivity 
type ; 

[ 0315 ] a first barrier region having dopants of the second 
conductivity type and being electrically connected to the 
first load terminal ; 

0316 ) a doped contact region arranged in contact with the 
second load terminal , wherein the drift region is posi 
tioned between the first barrier region and the doped 
contact region . 

[ 0317 ] 18 . The chip of one of the preceding examples , 
wherein the chip is coupled to a power semiconductor 
transistor , the transistor including a plurality of transistor 
cells , and wherein each of the transistor cells is integrated 
within the chip . 
[ 0318 ] 19 . The chip of example 18 , wherein each of the 
transistor cells includes : 
[ 03191 a source region having dopants of the first conduc 

tivity type and being electrically connected to an emitter 
terminal ; 

[ 0320 ] a drift region having dopants of the first conduc 
tivity type ; 

[ 0321 ] a body region having dopants of the second con 
ductivity type and being electrically connected to the 
emitter terminal and isolating the source region from the 
drift region ; 

[ 0322 ] an insulated gate electrode configured to control 
the transistor cell ; and 

[ 0323 ] a doped contact region electrically connected to the 
second load terminal and having dopants of the second 
conductivity type . 

[ 0324 ] 20 . The chip of example 18 or 19 , wherein the 
doped contact regions of the breakthrough cells and the 
doped contact regions of the transistor cells form a doped 
contact layer within the semiconductor body . 
[ 0325 ] 21 . An integrated power semiconductor module 
including a power semiconductor transistor and an overvolt 
age protection power semiconductor chip , wherein the over 
voltage protection power semiconductor chip includes a 
semiconductor body coupled to a first load terminal and a 
second load terminal of the chip , the first load terminal being 
arranged at a frontside and the second load terminal being 
arranged at a backside of the chip , and wherein the semi 
conductor body includes each of an active region and an 
inactive edge region that surrounds the active region , and 
wherein the active region includes a plurality of break 
through cells ; 
[ 0326 ] wherein each breakthrough cell includes : 

[ 0327 ] an insulation structure arranged at the frontside 
and having a recess into which the first load terminal 
extends and interfaces with the semiconductor body ; 
and 

[ 0328 ] a drift region having dopants of a first conduc 
tivity type ; 
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[ 0329 ] a first doped region implemented as an anode 
region and having dopants of a second conductivity 
type and being electrically connected to the first load 
terminal ; 

[ 0330 ] a first barrier region having dopants of the sec 
ond conductivity type at a lower dopant concentration 
than the anode region and arranged in contact with each 
of the anode region and the insulation structure ; and 

[ 0331 ] a second barrier region having dopants of the 
first conductivity type at a higher dopant concentration 
than the drift region and separating each of the anode 
region and at least a part of the first barrier region from 
the drift region ; and 

[ 0332 ] a doped contact region arranged in contact with 
the second load terminal , wherein the drift region is 
positioned between the second barrier region and the 
doped contact region ; 

[ 0333 ] wherein the transistor includes an emitter terminal , 
a collector terminal and a gate terminal , the collector 
terminal being electrically connected to the second load 
terminal of the chip . 

[ 0334 ] 22 . A method of processing an overvoltage protec 
tion power semiconductor chip , including : 
[ 0335 ] providing a semiconductor body to be coupled to a 

first load terminal and a second load terminal of the chip , 
the first load terminal to be arranged at a frontside and the 
second load terminal to be arranged at a backside of the 
chip , and wherein the semiconductor body includes each 
of an active region and an inactive edge region that 
surrounds the active region , 

[ 0336 ] forming , in the active region a plurality of break 
through cells , each breakthrough cell including an insu 
lation structure arranged at the frontside and having a 
recess into which the first load terminal is to extend and 
to interface with the semiconductor body ; and 

[ 0337 ] forming the following regions : 
[ 0338 ] a drift region having dopants of a first conductivity 

type ; 
[ 0339 ] a first doped region implemented as an anode 

region having dopants of a second conductivity type and 
being electrically connected to the first load terminal ; 

[ 0340 ] a first barrier region having dopants of the second 
conductivity type at a lower dopant concentration than the 
anode region and arranged in contact with each of the 
anode region and the insulation structure ; and 

[ 0341 ] a second barrier region having dopants of the first 
conductivity type at a higher dopant concentration than 
the drift region and separating each of the anode region 
and at least a part of the first barrier region from the drift 
region ; 

[ 0342 ] a doped contact region arranged in contact with the 
second load terminal , wherein the drift region is posi 
tioned between the second barrier region and the doped 
contact region . 

[ 0343 ] The method of example 22 , wherein at least one of 
forming the anode region , forming the first barrier region 
and forming the second barrier region includes carrying out 
at least one implantation processing step . 
[ 0344 ] The method of example 23 , wherein at least one of 
the one or more implantation processing steps is carried out 
with an ion energy of at least 1 . 5 MeV . 
[ 0345 ] The method of one of the preceding examples 22 to 
24 , further including forming a recombination zone that 

extends into at least the anode region by carrying out a 
self - adjusted process using the insulation structure as a 
mask 
[ 0346 ] . 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 power semiconductor device , comprising a semicon 

ductor body coupled to a first load terminal and a second 
load terminal , and comprising : 

a first doped region of a second conductivity type elec 
trically connected to the first load terminal ; 

an emitter region of the second conductivity type electri 
cally connected to the second load terminal ; 

a drift region of a first conductivity type and arranged 
between the first doped region and the emitter region ; 
wherein the drift region and the first doped region 
enable the power semiconductor device to be operated 
in : 
a conducting state during which a load current between 

the load terminals is conducted along a forward 
direction ; 

in a forward blocking state during which a forward 
voltage applied between the terminals is blocked ; 
and in 

a reverse blocking state during which a reverse voltage 
applied between the terminals is blocked ; and 

a recombination zone arranged at least within the first 
doped region . 

2 . The power semiconductor device of claim 1 , wherein : 
a transition from the first doped region to the drift region 

forms a first diode , 
a transition from the emitter region to the drift region 

forms a second diode , and 
the first diode and the second diode are connected anti 

serially with each other . 
3 . The power semiconductor device of claim 2 , wherein : 
the first diode exhibits a first breakthrough voltage , 
the second diode exhibits a second breakthrough voltage , 

and 
the first breakthrough voltage is at least five times as great 

as the second breakthrough voltage . 
4 . The power semiconductor device of claim 1 , wherein 

each of the first load terminal , the first doped region , the 
recombination zone , the drift region , the emitter region , and 
the second load terminal exhibit a common lateral extension 
range . 

5 . The power semiconductor device of claim 1 , wherein 
the recombination zone is configured to reduce at least one 
of a lifetime and a mobility of charge carriers present within 
the recombination zone . 

6 . The power semiconductor device of claim 1 , wherein 
the recombination zone is laterally structured . 

7 . The power semiconductor device of claim 1 , further 
configured to induce a conduction channel within the first 
doped region for conduction of at least a part of the load 
current during the conducting state , wherein the induced 
conduction channel and the recombination zone are spatially 
separated from each other . 
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18 . The power semiconductor device of claim 17 , further 
comprising : 

an active region and an inactive edge region surrounding 
the active region , wherein at least one of the first barrier 
region and the second barrier region forms a contiguous 
semiconductor layer within the active region . 

19 . An integrated power semiconductor module compris 
ing : 

8 . The power semiconductor device of claim 7 , wherein a 
minimum distance between the recombination zone and the 
induced conduction channel amounts to at least 50 nm . 

9 . The power semiconductor device of claim 1 , wherein 
the recombination zone exhibits a crystal defect concentra 
tion of at least 1000 times greater than a crystal defect 
concentration within the drift region . 

10 . The power semiconductor device of claim 1 , wherein 
the first doped region extends deeper into the semiconductor 
body than the recombination zone . 

11 . The power semiconductor device of claim 1 , wherein : 
the first load terminal comprises a contact groove that 

interfaces with the first doped region , and 
the recombination zone laterally overlaps with the contact 

groove and exhibits lateral dimensions within a range 
of 60 % to 200 % of the lateral dimensions of the contact 
groove . 

12 . The power semiconductor device of claim 1 , further 
comprising : 

a plurality of cells each configured to operate in the 
conducting state , the forward blocking state , and the 
reverse blocking state . 

13 . The power semiconductor device of claim 1 , wherein 
the first doped region exhibits a first subsection and a second 
subsection , the first subsection interfacing with the first load 
terminal and having a higher dopant concentration than the 
second subsection , the second subsection interfacing with 
the drift region , wherein the recombination zone extends 
into each of the first subsection and the second subsection . 

14 . The power semiconductor device of claim 1 , wherein 
the power semiconductor device is a power semiconductor 
switch and further comprises : 

a source region of the first conductivity type and electri 
cally connected to the first load terminal , wherein the 
first doped region separates the source region from the 
drift region , wherein the recombination zone extends 
into the source region . 

15 . The power semiconductor device of claim 1 , further 
comprising : 

an active region and an inactive edge region surrounding 
the active region , 

wherein the active region comprises a plurality of cells , 
wherein the recombination zone is laterally structured 
in that only each of a share of the plurality of cells 
includes the recombination zone . 

16 . The power semiconductor device of claim 1 , further 
comprising : 

an active region and an inactive edge region surrounding 
the active region , 

wherein the active region comprises a plurality of cells , 
wherein the recombination zone is laterally structured 
in that the recombination zone is laterally structured 
within a horizontal cross - section of at least one of the 
plurality of the cells . 

17 . The power semiconductor device of claim 1 , further 
comprising : 

a first barrier region of the second conductivity type at a 
lower dopant concentration than the first doped region 
and arranged in contact with both the first doped region 
and an insulation structure ; and 

a second barrier region of the first conductivity type at a 
higher dopant concentration than the drift region and 
separating both the first doped region and at least a part 
of the first barrier region from the drift region . 

a power semiconductor transistor , and 
an overvoltage protection power semiconductor chip 

comprising a semiconductor body coupled to a first 
load terminal and a second load terminal of the over 
voltage protection power semiconductor chip , the first 
load terminal being arranged at a frontside and the 
second load terminal being arranged at a backside of 
the overvoltage protection power semiconductor chip , 
wherein the semiconductor body comprises an active 
region and an inactive edge region that surrounds the 
active region , and wherein the active region comprises 
a plurality of breakthrough cells ; 

wherein each breakthrough cell of the plurality of break 
through cells comprises : 
an insulation structure arranged at the frontside and 
having a recess into which the first load terminal 
extends and interfaces with the semiconductor body ; 

a drift region having dopants of a first conductivity 
type ; 

a first doped region implemented as an anode region 
and having dopants of a second conductivity type 
and being electrically connected to the first load 
terminal ; 

a first barrier region having dopants of the second 
conductivity type at a lower dopant concentration 
than a dopant concentration of the anode region and 
arranged in contact with each of the anode region 
and the insulation structure ; 

a second barrier region having dopants of the first 
conductivity type at a higher dopant concentration 
than a dopant concentration of the drift region and 
separating each of the anode region and at least a part 
of the first barrier region from the drift region ; and 

a doped contact region arranged in contact with the 
second load terminal , wherein the drift region is 
positioned between the second barrier region and the 
doped contact region ; 

wherein the power semiconductor transistor comprises an 
emitter terminal , a collector terminal , and a gate ter 
minal , the collector terminal being electrically con 
nected to the second load terminal of the overvoltage 
protection power semiconductor chip . 

20 . An overvoltage protection power semiconductor chip 
comprising : 

a first load terminal arranged at a frontside of the over 
voltage protection power semiconductor chip ; 

a second load terminal arranged at a backside of the 
overvoltage protection power semiconductor chip ; 

a semiconductor body coupled to the first load terminal 
and the second load terminal , wherein the semiconduc 
tor body comprises each of an active region and an 
inactive edge region that surrounds the active region , 
and wherein the active region comprises a plurality of 
breakthrough cells ; 

wherein each breakthrough cell of the plurality of break 
through cells comprises : 
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an insulation structure arranged at the frontside and 
having a recess into which the first load terminal 
extends and interfaces with the semiconductor body ; 

a drift region having dopants of a first conductivity 
type ; 

a first doped region implemented as an anode region 
and having dopants of a second conductivity type 
and being electrically connected to the first load 
terminal ; 

a first barrier region having dopants of the second 
conductivity type at a lower dopant concentration 
than a dopant concentration of the anode region and 
arranged in contact with each of the anode region 
and the insulation structure ; 

a second barrier region having dopants of the first 
conductivity type at a higher dopant concentration 
than a dopant concentration of the drift region and 
separating each of the anode region and at least a part 
of the first barrier region from the drift region ; and 

a doped contact region arranged in contact with the 
second load terminal , wherein the drift region is 
positioned between the second barrier region and the 
doped contact region , 

wherein first barrier regions of the plurality of break 
through cells form a contiguous semiconductor layer . 

* * * * 


