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(57) ABSTRACT 

The invention relates to a semiconductor device having a 
rectifying junction (5) which is situated between two (semi 
conductor) regions (1, 2) of an opposite conductivity type. 
The second region (2), which includes silicon, is thicker and 
has a smaller doping concentration than the ?rst region (1) 
which includes a sub-region comprising a mixed crystal of 
silicon and germanium. The two regions (1, 2) are each 
provided with a connection conductor (3, 4). 

Such a device can very suitably be used as a switching 
element, in particular as a switching element for a high 
voltage and/or high power. In the known device, the silicon 
germanium mixed crystal is relaxed, leading to the forma 
tion of mis?t dislocations. These serve to reduce the service 
life of the minority charge carriers, thus enabling the device 
to be switched very rapidly. 

In a device in accordance with the invention, the entire ?rst 
region (1) comprises a mixed crystal of silicon and germa 
nium, and the germanium content and the thickness of the 
?rst region (1) are selected so that the voltage built up in the 
semiconductor device remains below the level at which 
mis?t dislocations develop. Surprisingly, it has been found 
that such a device can also be switched very rapidly, even 
more rapidly than the known device. The absence of mis?t 
dislocations has an additional advantage, namely that the 
device is very reliable. Mis?t dislocations do not develop if 
the product of said relative deviation in the lattice constant 
and the thickness of the ?rst region is smaller than or equal 
to 40 nm %. A safe upper limit for said product is 30 nm %. 
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SEMICONDUCTOR DIODE HAVING A 
RECTIFYING JUNCTION AND METHOD OF 

MANUFACTURING SAME 

[0001] The invention relates to a semiconductor device 
having a rectifying junction, in particular on a switching 
diode, comprising a semiconductor body including a sub 
strate and a ?rst silicon semiconductor region of a ?rst 
conductivity type having a high doping concentration, and a 
second silicon semiconductor region of a second conduc 
tivity type, Which is opposite to the ?rst conductivity type, 
and having a loW doping concentration and a thickness 
Which is greater than that of the ?rst semiconductor region, 
said rectifying junction being situated betWeen the ?rst 
semiconductor region and the second semiconductor region, 
the ?rst semiconductor region including a sub-region con 
taining a mixed crystal of silicon and germanium, and said 
?rst and said second semiconductor region being provided 
With, respectively, a ?rst and a second connection conductor. 
The invention also relates to a method of manufacturing 
such a device. 

[0002] Such a device is knoWn from US. Pat. No. 5,342, 
805, published on Aug. 30, 1994. Said document discloses 
(see, for example, FIG. 3) a diode having a semiconductor 
body Which comprises, in succession, an n-type silicon 
substrate With a high doping concentration, an n-type epi 
taxial silicon layer, Which is provided thereon and Which has 
a relatively loW doping concentration, at the surface of 
Which there is a layer of a p-type silicon having a high 
doping concentration, Which is formed by diffusion. At the 
location Where the diffused region and the epitaxial layer, 
Which form, respectively, a ?rst and a second semiconductor 
region, border on each other, there is a rectifying pn 
junction. The substrate forms an n+ region. Consequently, 
the device forms a p+n(n+) diode. Since both the p+ region 
and the n+region are relatively thick, the pro?le of the charge 
carriers in both regions is relatively ?at. As a result, diffusion 
currents of electrons (in the p+ region) and of holes (in the 
n+ region) are negligibly small. The current in such a diode 
is dominated by recombination of electrons and holes, and 
the current density is equal to the ratio betWeen the overall 
amount of charge carriers per unit area in the n-type region 
and the effective service life of the charge carriers. When the 
diode is sWitched from the forWard direction to the reverse 
direction, a depletion region has to build up, particularly in 
the n-type region, Which involves the removal of holes. 
SWitching typically takes place at a constant reverse current 
(density). In this case, the time necessary to sWitch off (t) the 
diode is proportional to the charge stored in the n-type 
region. If the charge carriers have a long service life, then the 
stored charge is large. As a result, the diode is sloW. The 
service life of charge carriers can be reduced by introducing 
gold or platinum into the semiconductor body, resulting in a 
faster diode. In the knoWn device, the ?rst semiconductor 
region comprises, instead of or in addition to gold, a 
sub-region including a mixed crystal of silicon and 20% 
germanium, Which has a thickness of 1 to 2 pm. Such a 
sub-region introduces a mechanical stress into the device 
(the mixed crystal has a lattice constant Which differs from 
that of the rest of the device) Which is so large that stress 
relaxation occurs, causing so-called mis?t dislocations. 
These dislocations reduce (in the same manner as gold 
atoms) the service life of the (minority) charge carriers. This 
too results in a faster diode. The knoWn diode has a 
sWitching time (t) of, for example, 25 nsec. 
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[0003] A draWback of the knoWn device is that, although 
it is very fast, it is still not fast enough for speci?c appli 
cations, particularly for use as a sWitching diode for high 
voltages and/or high poWers. 
[0004] Therefore, it is an object of the invention to provide 
a device of the type mentioned in the opening paragraph, 
Which has a very sloW sWitching time, and to provide a 
simple method of manufacturing such a device. 

[0005] To achieve this, a device of the type mentioned in 
the opening paragraph is characteriZed in accordance With 
the invention in that the entire ?rst semiconductor region 
contains a mixed crystal of silicon and germanium, and the 
germanium content and the thickness of the ?rst semicon 
ductor region are selected so that the mechanical stress built 
up in the semiconductor device is smaller than or equal to 
the stress at Which mis?t dislocations are formed. It has 
surprisingly been found that such a diode has a much shorter 
sWitching time than the knoWn diode. The invention is based 
on the folloWing recognitions. By limiting the mechanical 
stress in the device by choosing a suf?ciently loW germa 
nium content and/or a sufficiently small thickness of the 
germanium-containing layer, stress relaxation involving 
mis?t dislocations does not occur. HoWever, in this case the 
band gap of the mixed crystal of silicon and germanium is 
substantially smaller, not only much smaller than the band 
gap of silicon but also much smaller than the band gap of a 
relaxed mixed crystal of silicon and germanium. As a result, 
the concentration of minority charge carriers in the ?rst 
semiconductor region, i.e. in the case of p+n diode electrons, 
is substantially increased. The reason for this being that the 
product of the concentration of minority charge carriers and 
the concentration of majority charge carriers, i.e. in this case 
the p-type doping concentration, is inversely exponentially 
dependent upon the band gap. Since the electron concentra 
tion in the vicinity of the connection conductor of the ?rst 
semiconductor region is substantially Zero, the increase of 
the electron concentration in the ?rst semiconductor region 
causes a substantially increased electron-concentration gra 
dient in said region. As a result, in the ?rst (p+ type) 
semiconductor region, the contribution of the electron-in 
jection current to the overall current increases and may even 
exceed the recombination current in the second (n-type) 
semiconductor region. As a result, the sWitching time of the 
diode decreases. To achieve said increase of the electron 
concentration it is necessary, hoWever, that the ?rst semi 
conductor region is substantially entirely made of the sili 
con-germanium-containing material. As mentioned herein 
above, mis?t dislocations are avoided by keeping the stress 
in the silicon-germanium region at a suf?ciently loW level. 
This is achieved by choosing the relative deviation of the 
lattice constant of the mixed crystal With respect to the 
lattice constant of the rest of the semiconductor body and/or 
the thickness of the silicon-germanium-containing region to 
be suf?ciently small. Said deviation in lattice constant is 
directly proportional to the germanium content. The gener 
ally relatively small thickness of the ?rst semiconductor 
region, Which is necessary to avoid the development of 
mis?t dislocations, has a surprising additional advantage: as 
a result of the small thickness of the ?rst semiconductor 
region, also the gradient in the electron concentration in this 
region is additionally increased. This enhances the above 
explained effect on the diffusion current and the recombi 
nation current. All this results in a device having a surpris 
ingly short sWitching time of, for example, 3 to 9 nsec. A 
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further important advantage of a device in accordance With 
the invention is that, by virtue of the absence of (mis?t) 
dislocations, a relatively small leakage current (in the 
reverse direction) is achieved. The device further exhibits a 
relatively small voltage drop in the forWard direction. 

[0006] In a preferred embodiment of a device in accor 
dance With the invention, the germanium content and the 
thickness of the ?rst semiconductor region are selected so 
that the product of the thickness of the ?rst semiconductor 
region and the relative deviation of the lattice constant of the 
?rst semiconductor region With respect to the substrate is 
smaller than or equal to 40 nm*percent, and preferably 
smaller than or equal to 30 nm*percent. It has been experi 
mentally found that under such conditions, no or hardly any 
mis?t dislocations occur. Afurther favorable consequence of 
the absence of mis?t dislocations is that the reliability of a 
device in accordance With the invention is increased. This 
can be attributed to the fact that dislocations may give rise 
to degradation of the current-voltage characteristics. A ger 
manium content of 100% means that the relative deviation 
of the lattice constant of the ?rst semiconductor region With 
respect to a silicon substrate amounts to 4%. For a semi 
conductor region having a germanium content of X atom 
percent, X ranging betWeen 0 and 100, the above-mentioned 
relative deviation is 0.X * 4%. 

[0007] Favorable results can be achieved With a germa 
nium content of the ?rst semiconductor region in the range 
betWeen 10 and 30%. In this case, the maXimum permissible 
thickness is determined by the above-discussed condition for 
avoiding the development of mis?t dislocations. In prin 
ciple, there is no loWer limit to the thickness of the ?rst 
semiconductor region. A very thin ?rst semiconductor 
region may have the disadvantage that a fatal interaction 
may readily occur betWeen the metal used for the connection 
conductor of the ?rst semiconductor region and the rectify 
ing junction. In a favorable modi?cation, a third semicon 
ductor region of the ?rst conductivity type is situated 
betWeen the ?rst semiconductor region and the second 
semiconductor region, the thickness and doping concentra 
tion of said third semiconductor region being betWeen the 
thickness and doping concentration of the ?rst and the 
second semiconductor regions. In this case, the rectifying 
junction is formed betWeen the second and the third semi 
conductor region having a thickness ranging, for eXample, 
from 0.1 to 1 pm. The third semiconductor region generally 
is much thinner than the second semiconductor region. By 
virtue thereof, the risk that an interaction takes place 
betWeen the connection conductor of the ?rst semiconductor 
region and the rectifying junction is very small, also When 
the ?rst semiconductor region is very thin. 

[0008] Preferably, the surface area of the diode, ie the 
region Where the tWo semiconductor regions contact each 
other, is at least 10,000 pmz, and preferably 1 to 4 mm2. 
Such, relatively large diodes are particularly suitable for use 
as sWitching diodes for high poWers. Also, the measures in 
accordance With the invention are particularly necessary in 
such a large diode, since relaxation of an eXcess of stress Will 
occur sooner in such a large diode than in a (much) smaller 
diode. In vieW of the above-mentioned application(s), the 
thickness and the doping concentration of the second semi 
conductor region are preferably selected so that the break 
doWn voltage of the device is in the range from 50 to 1000 
V. Further, the thickness and the doping concentration of the 
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?rst semiconductor region are preferably selected so that, 
during operation of the device, the ?rst semiconductor 
region is not completely depleted at the breakdoWn voltage. 
As a result, an increase of the leakage current, Which may be 
caused by the contact betWeen the depletion region and the 
connection conductor of the ?rst semiconductor region, is 
avoided. 

[0009] In a variant of a device in accordance With the 
invention, the ?rst semiconductor region is periodically 
interrupted in the lateral direction, and there is a further 
semiconductor region of the ?rst conductivity type at the 
location of said interruptions, Which further semiconductor 
region has a high doping concentration and contains eXclu 
sively silicon. In such a device, the resistance of the recti 
fying pn-junction betWeen the ?rst and the second semicon 
ductor region is reduced by a further pn-junction betWeen 
the further semiconductor region and the second semicon 
ductor region. As a result, this variant can very suitably be 
used for sWitching very high poWers. In a further favorable 
variant, the device comprises metal atoms, preferably gold 
or platinum atoms. Also these metal atoms contribute to 
increasing the speed of the device in accordance With the 
invention. This variant is very suitable for devices having a 
very high breakdoWn voltage (for eXample 600 V). In that 
case, the thickness of the ?rst semiconductor region must be 
very large, so that the charge stored therein is also very large. 
Consequently, an additional measure, aimed at increasing 
the speed of the device, is desirable. HoWever, also in this 
case, a device in accordance With the invention has a 
relatively small leakage current, because the concentration 
of metal atoms in a device in accordance With the invention 
can be relatively loW. 

[0010] The semiconductor regions in a device in accor 
dance With the invention are preferably embodied so as to be 
epitaXial layers. The substrate is preferably a heavily doped 
silicon substrate of the second conductivity type. If desir 
able, an additional epitaXial layer may be present betWeen 
the second, slightly doped semiconductor region and the 
substrate, Which additional epitaXial layer is of the same 
conductivity type as the second semiconductor region (and 
the substrate) but has a higher doping concentration. 

[0011] A method of manufacturing a semiconductor 
device having a rectifying junction, in Which method a 
semiconductor body is formed Which comprises a substrate 
and a ?rst silicon semiconductor region of a ?rst conduc 
tivity type having a high doping concentration, and a second 
silicon semiconductor region of a second conductivity type, 
opposed to the ?rst conductivity type, having a loW doping 
concentration and a thickness Which is much greater than 
that of the ?rst semiconductor region, the rectifying junction 
being formed betWeen the ?rst semiconductor region and the 
second semiconductor region, and a sub-region containing a 
miXed crystal of silicon and germanium being formed in the 
?rst semiconductor region, and said ?rst and said second 
semiconductor region being provided With, respectively, a 
?rst and a second connection conductor, characteriZed in 
accordance With the invention in that the entire ?rst semi 
conductor region is embodied so as to be a miXed crystal of 
silicon and germanium, and the germanium content and the 
thickness of the ?rst semiconductor region are selected so 
that the stress built up in the semiconductor device remains 
beloW a level at Which mis?t dislocations develop. Such a 
method enables devices in accordance With the invention to 
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be obtained in a simple manner. Preferably, the thickness and 
the germanium content of the ?rst semiconductor region are 
selected so that the product of the thickness of the ?rst 
semiconductor region and the relative deviation of the lattice 
constant of the ?rst semiconductor region With respect to the 
substrate is smaller than or equal to 40 nm*percent, and 
preferably smaller than or equal to 30 nm*percent. The 
semiconductor regions are preferably formed by means of 
epitaxy. 

[0012] These and other aspects of the invention Will be 
apparent from and elucidated With reference to the embodi 
ments described hereinafter. 

[0013] 
[0014] FIG. 1 is a schematic, cross-sectional vieW, at right 
angles to the thickness direction, of an embodiment of a 
device in accordance With the invention, 

[0015] FIG. 2 schematically shoWs the current density (I) 
as a function of the voltage (V) of tWo variants of the device 
shoWn in FIG. 1 (curves 30, 32) and of a comparable device 
Which does not comprise germanium (curve 20), 

[0016] FIG. 3 is a schematic, cross-sectional vieW at right 
angles to the thickness direction, of a further embodiment of 
a device in accordance With the invention, and 

In the draWings: 

[0017] FIG. 4 is a schematic, cross-sectional vieW at right 
angles to the thickness direction, of a still further embodi 
ment of a device in accordance With the invention. 

[0018] The Figures are diagrammatic and not draWn to 
scale, in particular the dimensions in the thickness direction 
being exaggerated for clarity. In general, semiconductor 
regions of the same conductivity type are hatched in the 
same direction. 

[0019] FIG. 1 is a schematic, cross-sectional vieW, at right 
angles to the thickness direction, of a ?rst embodiment of a 
device With a tunnel diode in accordance With the invention. 
The device comprises a semiconductor body 10 of silicon 
having a substrate 11, Which in this case is 650 pm thick, 
includes antimony n++-doped silicon and has a resistivity of 
6-20 mQcm. The semiconductor body 10 comprises a ?rst 
semiconductor region 1 of a ?rst, in this case p-, conduc 
tivity type, Which includes, at least over a part of its 
thickness, a mixed crystal of silicon and germanium, Which 
semiconductor region is provided With a connection con 
ductor 3. A second, silicon-containing semiconductor region 
2 of a second, opposite conductivity type, i.e. the n-conduc 
tivity type in this case, borders on said ?rst semiconductor 
region, Which second semiconductor region is provided, in 
this case via the substrate 11, With a second connection 
conductor 4. The doping concentration of the ?rst semicon 
ductor region 1 is, in this example, 1><1019 at/cm3, the 
doping concentration of the second semiconductor region 2 
is 1><1015 at/cm3. In this example, the thickness of the second 
semiconductor region 2 is 8 pm. Further, in this example, a 
further semiconductor region 12 of the n-conductivity type, 
having a thickness of 100 nm and a doping concentration of 
3><1018 at/cm3 is situated betWeen the second semiconductor 
region 2 and the substrate 11, Which further semiconductor 
region serves as a buffer layer 12 in an epitaxial groWth 
process employed in the manufacture of the device. Said 
further semiconductor region 12 also contributes to a smooth 
sWitching behaviour of the device. 
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[0020] In accordance With the invention, the entire ?rst 
semiconductor region 1 comprises a mixed crystal of silicon 
and germanium, and the thickness and the germanium 
content of the ?rst semiconductor region 1 are selected so 
that the mechanical stress introduced into the semiconductor 
device by the mixed crystal remains beloW a critical stress 
level at Which relaxation leading to mis?t dislocations 
occurs. Surprisingly it has been found that, despite the 
absence of mis?t dislocations enhancing the speed, such a 
device is still very fast. This can ?rst of all be attributed to 
the fact that the band gap of a strained mixed crystal of 
germanium and silicon is much smaller than the band gap of 
pure silicon. As a result, for example in the case of a p+ n 
diode, the electron concentration in the ?rst (p-type) region 
1 is substantially increased. To achieve this, the entire ?rst 
region 1 is embodied so as to be a mixed crystal of silicon 
and germanium. Since, in the vicinity of the connection 
conductor of this region, the electron concentration is sub 
stantially Zero, the above implies that the gradient in the 
electron concentration in the ?rst region 1 is substantially 
increased. As a result, the contribution of the electron 
injection current to the overall current increases substan 
tially and may even exceed the recombination current in the 
second region 2, so that the speed of the diode device 
increases. In an optimum situation, the germanium content 
of the ?rst region 1 Will not be too small. To avoid stress 
relaxation, it is necessary that the thickness of the ?rst region 
1 is relatively small. Also this small thickness contributes to 
a very substantial increase of the above-mentioned gradient 
in the (minority) charge carrier concentration, causing the 
speed of the device in accordance With the invention to be 
extraordinary. In addition, by virtue of the absence of 
dislocations, a device in accordance With the invention also 
is very reliable. 

[0021] In this example, the germanium content of the ?rst 
region 1 is 20%, and the thickness of the ?rst region 1 is 20 
nm. As a result, the device has a very short sWitching time 
of 3 nsec, at a current density of 10 A/cm2. A germanium 
content of 20% means that the relative deviation of the 
lattice constant of the ?rst region 1 With respect to the silicon 
semiconductor body 10 is approximately 0.8(=0.2><4) %. 
This means that the product of said deviation and the 
thickness amounts to approximately 16 nm%, Which is 
smaller than 40 nm %, i.e. the critical value of said product 
above Which mis?t dislocations may develop. A safer value 
of this product is approximately 30 nm %, but the value of 
the device in accordance With the example also remains 
beloW said value. For comparison, it is noted that a device 
in accordance With the invention, in Which the germanium 
content of the ?rst region 1 is 10% and the thickness of the 
?rst region 1 is the same, has a sWitching time of 9 nsec. This 
is still a very short sWitching time: in a device Without a 
mixed crystal of silicon and germanium, and at the same 
thickness of the ?rst region Which, in this case, included pure 
silicon, a sWitching time of 30 nsec Was measured. 

[0022] The device in accordance With this example has a 
breakdoWn voltage of 80 V, Which renders the device very 
suitable for use as a sWitch for high voltages and/or high 
poWers. In this connection mention is also made of the very 
favorable current-voltage characteristics of a device in 
accordance With the invention. 

[0023] FIG. 2 schematically shoWs the current density (I) 
as a function of the voltage (V) of tWo variants of the device 
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shown in FIG. 1 (curves 30, 32) and of a comparable device 
Which does not comprise germanium (curve 20). Curves 30 
and 32 correspond to the above-mentioned devices in accor 
dance With the invention, the ?rst region 1 having a germa 
nium content of, respectively, 10 and 20% and a thickness of 
20 nm. For comparison, curve 20 represents the correspond 
ing trend for a device comprising 0% germanium in the ?rst 
region 1, Which is also 20 nm thick. 

[0024] The dimensions of the device described in this 
example (and of devices compared thereWith) are 400x400 
pmz. The active region, i.e. the surface of the ?rst semicon 
ductor region is 150x150 pmz. The connection conductors 3, 
4 are made of aluminium and are 100 nm thick. In a 

favorable variant, the ?rst semiconductor region 1 has 
interruptions in the lateral direction, Where there are p+ 
regions, not shoWn in the Figures, Which contain exclusively 
silicon. 

[0025] The device shoWn in FIG. 1 is manufactured as 
described hereinbeloW using a method in accordance With 
the invention. Use is made (see FIG. 1) of a (100) silicon 
substrate having a diameter of 6 inches on Which a number 
of semiconductor layers are successfully provided by means 
of an atmospheric CVD process at a temperature of 700° C. 
The groWth rate at said temperature is approximately 1-20 
nm/min. First of all, a phosphordoped n-type monocrystal 
line epitaxial layer 12 of silicon is applied. Another epitaxial 
layer 2 of an n-type silicon and a further epitaxial layer 1 of 
silicon-germanium are applied to said layer by adding 
germanium to the silane used for epitaxy. Subsequently, in 
another reactor, an oxide layer, Which is not shoWn in FIG. 
1, is provided by means of plasma CVD, Which oxide layer, 
after it has been patterned, serves as a masking layer for 
etching the mesa shoWn in FIG. 1. For etching use is made 
of a potassium-hydroxide-based etchant, and the etching 
operation extends, in the depth direction, beyond the pn 
junction 5. The ?anks of the mesa are subsequently covered 
With a passivating layer 14 comprising silicon dioxide, 
Which is applied by means of PECVD (=Plasma Enhanced 
Chemical Vapor Deposition). Next, the mask is removed 
and, by means of vapor deposition and patterning, the 
connection conductor 3 is provided on the further epitaxial 
layer 1, Which noW constitutes the ?rst semiconductor 
region 1 of the device. The other epitaxial layer 2 constitutes 
the second semiconductor region 2 of the device. The 
connection conductor 4 of the second semiconductor region 
2 is formed by vapor deposition on the loWer side of the 
substrate 11. The dimensions, conductivity types, doping 
concentrations and compositions of the various layers and/or 
regions are selected as described hereinabove. Finally, by 
means of cutting in tWo mutually perpendicular directions, 
an individual device in accordance With the invention is 
obtained Which is ready for ?nal assembly. The above 
mentioned variant With interruptions in the ?rst semicon 
ductor region 1 is made, for example, by locally removing, 
after the provision of the ?rst semiconductor region 1 in the 
form of an epitaxial layer 1, this epitaxial layer and forming 
at these locations, for example by means of boron-ion 
implantation, the further + region Which includes pure sili 
con. 

[0026] FIGS. 3 and 4 shoW a schematic, cross-sectional 
vieW, at right angles to the thickness direction of a further 
and still further embodiment of a device in accordance With 
the invention. 
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[0027] In both these embodiments a p+-type guarding 15 
is encorporated in order to prevent edge-breaddoWn and/or 
to reduce the leakage current. 

[0028] The FIG. 3 embodiment is fully planar Which is 
more convenient to make. The FIG. 4 embodiment com 
bines a mesa structure With a guarding Which results in a still 
better protection against edge breakdoWn and still loWer 
leakage current. 

[0029] The guarding 15 is provided after epitaxial groWth 
of layer 2 and preferably after provision of layer 1. 

[0030] In the FIG. 3 embodiment layer 1 is provided by 
selective epitaxy after the provision of passivating layer 14. 
In the FIG. 4 embodiment the semiconductor layer 1 may 
still be a blanket epitaxial layer 1 Which is partly removed 
together With a part of the guarding 15 When the mesa 
structure is formed. The p+-type guarding 15 is preferably 
made by ion implantation. 

[0031] The invention is not limited to the above examples 
and, Within the scope of the invention, many modi?cations 
and variations are possible to those skilled in the art. For 
example, the compositions and thicknesses of the different 
(semiconductor) regions or layers may differ from those 
mentioned in the examples. It is also possible to use depo 
sition techniques other than those mentioned hereinabove, 
such as MBE (=Molecular Beam Epitaxy). It is also possible 
to simultaneously change all conductivity types into the 
opposite conductivity types. Also the structure and manu 
facture of the device in accordance With the example may be 
subject to many modi?cations. Apart from a mesa structure 
use can also be made of a planar structure With a so-called 
guard ring. Instead of applying the ?rst semiconductor 
region throughout the surface of the semiconductor body, it 
may alternatively be applied by means of selective epitaxy. 

[0032] Although the invention particularly relates to so 
called discrete devices, a device in accordance With the 
invention may also be a device Which is more complex than 
a single diode-comprising device. An example of such a 
device is the above-mentioned variant With interruptions in 
the ?rst semiconductor region. 

1. A semiconductor device having a rectifying junction 
(5), comprising a semiconductor body (10) including a 
substrate (11) and a ?rst silicon semiconductor region (1) of 
a ?rst conductivity type having a high doping concentration, 
and a second silicon semiconductor region (2) of a second 
conductivity type, Which is opposite to the ?rst conductivity 
type, having a loW doping concentration and a thickness 
Which is greater than that of the ?rst semiconductor region 
(1), said rectifying junction (5) being situated betWeen the 
?rst semiconductor region (1) and the second semiconductor 
region (2), the ?rst semiconductor region (1) including a 
sub-region containing a mixed crystal of silicon and germa 
nium, and said ?rst and said second semiconductor region 
(1, 2) being provided With, respectively, a ?rst and a second 
connection conductor (3, 4), characteriZed in that the entire 
?rst semiconductor region (1) contains a mixed crystal of 
silicon and germanium, and the germanium content and the 
thickness of the ?rst semiconductor region (1) are selected 
so that the mechanical stress built up in the semiconductor 
device remains beloW a level at Which mis?t dislocations are 
formed. 
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2. A semiconductor device as claimed in claim 1, char 
acteriZed in that the germanium content and the thickness of 
the ?rst semiconductor region (1) are selected so that the 
product of the thickness of the ?rst semiconductor region (1) 
and the relative deviation of the lattice constant of the ?rst 
semiconductor region (1) With respect to the substrate (11) 
is smaller than or equal to 40 nm*percent, and preferably 
smaller than or equal to 30 nm*percent. 

3. A semiconductor device as claimed in claim 1 or 2, 
characteriZed in that the germanium content of the ?rst 
semiconductor region (1) ranges betWeen 10 and 30 at. %. 

4. A semiconductor device as claimed in claim 1, 2 or 3, 
characteriZed in that a third semiconductor region of the ?rst 
conductivity type is situated betWeen the ?rst semiconductor 
region (1) and the second semiconductor region (2), the 
thickness and doping concentration of said third semicon 
ductor region being betWeen the thickness and doping 
concentration of the ?rst and the second semiconductor 
regions. 

5. A semiconductor device as claimed in any one of the 
preceding claims, characteriZed in that the ?rst semiconduc 
tor region (1) is periodically interrupted in the lateral direc 
tion, and a further semiconductor region of the ?rst conduc 
tivity type is situated at the location of the interruptions of 
the ?rst semiconductor region (1), Which further semicon 
ductor region has a high doping concentration comparable to 
that of the ?rst semiconductor region (1) and comprises 
exclusively silicon. 

6. A semiconductor device as claimed in any one of the 
preceding claims, characteriZed in that the semiconductor 
device (10) comprises metal atoms, preferably gold or 
platinum atoms. 

7. A semiconductor device as claimed in any one of the 
preceding claims, characteriZed in that the substrate (11) 
comprises a heavily doped silicon substrate (11) of the 
second conductivity type, on Which, in succession, the 
second and the ?rst semiconductor region (2, 1) are situated 
in the form of epitaxial semiconductor layers (2, 1). 
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8. A method of manufacturing a semiconductor device 
having a rectifying junction (5), in Which method a semi 
conductor body (10) is formed Which comprises a substrate 
(11) and a ?rst silicon semiconductor region (1) of a ?rst 
conductivity type having a high doping concentration, and a 
second silicon semiconductor region (2) of a second con 
ductivity type, opposed to the ?rst conductivity type, having 
a loW doping concentration and a thickness Which is greater 
than that of the ?rst semiconductor region (1), the rectifying 
junction (5) being formed betWeen the ?rst semiconductor 
region (1) and the second semiconductor region (2), and a 
sub-region containing a miXed crystal of silicon and germa 
nium being formed in the ?rst semiconductor region (1), and 
said ?rst and said second semiconductor region (1, 2) being 
provided With, respectively, a ?rst and a second connection 
conductor (3, 4), characteriZed in that the entire ?rst semi 
conductor region (1) is embodied so as to be a miXed crystal 
of silicon and germanium, and the germanium content and 
the thickness of the ?rst semiconductor region (1) are 
selected so that the mechanical stress built up in the semi 
conductor device remains beloW a level at Which mis?t 
dislocations develop. 

9. A method as claimed in claim 8, characteriZed in that 
the thickness and the germanium content of the ?rst semi 
conductor region (1) are selected so that the product of the 
thickness of the ?rst semiconductor region (1) and the 
relative deviation of the lattice constant of the ?rst semi 
conductor region (1) With respect to the substrate (11) is 
smaller than or equal to 40 nm*percent, and preferably 
smaller than or equal to 30 nm*percent. 

10. A method as claimed in claim 8 or 9, characteriZed in 
that the ?rst and the second semiconductor region (1, 2) are 
formed as epitaXial layers (1, 2) on a silicon substrate. 


