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of the semiconductor member are such that the spacing 
A or B of the two outer layers 3, 7 from this p-n junc 
tion on the surface of the semiconductor body is larger 
by at least the factor 20 than the diffusion length of the 
minority charge carriers in the semiconductor material 
of the two intermediate layers 4 and 2 on the surface of 
the semiconductor body. The distance A on the Surface 
of the semiconductor body between the layer 7 on the 
one hand, and the p-n junction located between the lay 
ers 2 and 4 on the other hand, is particularly of special 
importance. This distance was made approximately 2 
mm. (this resulted from the chosen dimensions of the 
gold-antimony foil employed). The diffusion length L 
of the minority carriers in this range of the semiconduc 
tor surface is approximately 50 microns, so that the re 
quirement 

20) È 

is met because 
A 
=40 

As a result, the reverse current on the surface is consider 
ably reduced, whereby the forward break-over voltage 
and its temperature stability are greatly increased. 

FIG. 2 illustrates another embodiment of a four-layer 
semiconductor element embodying features of the present 
invention. The design and composition thereof is sub 
stantially the same as in FIG. 1. Identical zones and eiec 
trodes, respectively, are denoted by the same reference 
numerals. Also, the method of production thereof is sub 
stantially the same as described with reference to the 
first-mentioned embodiment. The only essential differ 
ence consists of adding a process step after the diffusion 
step producing the p-type marginal zones 4 and 3, and 
before the alloying process, so as to reduce considerably 
the diffusion length of the minority carriers within the 
surface area of zone 4. For this purpose the surface 
area denoted by 4a in FIG. 2, is flooded with impurities 
which are diffused therein. This may be effected by first 
coating the entire surface area of the semiconductor disc 
with an oxide layer, for instance by way of oxidation in 
steam at higher temperatures. Then an annular zone of 
this oxide layer is removed from the surface of the 
semiconductor body, for example by mechanical remov 
al of the oxide with the aid of a tool of the hollow drill 
type. This annular zone may have an interior diameter 
of about 15 mm. and an outer diameter of about 17 mm. 
Then boron is diffused in a manner similar to the diffusion 
of alluminum forming the p-type marginal zone. This dif 
fusion of boron, however, merely produces a high mar 
ginal concentration in the order of approximately 1018 
to 1020 cm.3. Heating to a temperature of approximately 
1280° C. for a duration of approximately one hour will 
be sufficient. The penetration depth of boron is only 
slight (about 5 to 10 microns) and will have the desired 
effect on the surface only. The diffusion length of the 
minority carriers within this zone 4a is reduced to ap 
proximately L=10 microns and the distance A may con 
sequently also be reduced accordingly. This reduction al 
lows for a larger n-type zone 7 and a larger contact elec 
trode 8 superimposed thereon, thereby imparting an in 
creased current-carrying capacity to the four-layer semi 
conductor device. 
The same results can be obtained by increasing the 

annular width of the groove 5 and/or reducing the dif 
fusion length of the minority carriers within the surface 
area at the bottom of groove 5. This is effective when the 
n-conductive zone 2 is contacted by an electrode at the 
bottom of groove 5 or at a similarly exposed area and is 
used as the gate. More particularly, according to the 
invention, when the zone 2 is the gate, separation be 
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tween p-conducting zones 3 and 4 is not accomplished 
by etching but rather by completely cutting off the pe 
riphery of the disc. This is done by directing a sand 
blast at the location of the groove 5 and turning the disc 
through its vertical axis. The sand stream is then con 
tinued unti it passes through the zone 2 and the entire 
thickness of the disc from top to bottom. In this case 
it is the dimension B, constituted by the thickness of 
zone 2, which is critica. 

While embodiments of the invention have been de 
scribed in detail, it will be obvious to those skilled in the 
art that the invention may be otherwise embodied. 

I claim: 
1. A semiconductor element comprising a substantially 

monocrystalline semiconductor body having a surface 
and a plurality of zones of alternating conductivity type 
forming three spaced intermediate p-n junctions one of 
which is formed between two others and emerges at the 
Surface of said semiconductor body, said one of said p-n 
junctions being spaced from another of said p-n junctions 
by a distance along the surface of said semiconductor 
body larger than the diffusion length of the minority car 
riers on the surface of said semiconductor body between 
said p-n junctions by at least a factor of 20. 

2. A semiconductor element as claimed in claim 1, 
further comprising a contact electrode on one of said 
zones at the surface of said semiconductor body between 
said p-n junctions. 

3. A semiconductor element as claimed in claim 1, 
wherein the surface layer of said semiconductor body be 
tween said p-n junctions is provided with more dopant 
impurity atoms than the remainder of said semiconductor 
body. 

4. A semiconductor element as claimed in claim 1, 
wherein said semiconductor body has four zones of alter 
nating conductivity type consisting of two outer zones and 
two inner zones, said zones forming said three spaced 
intermediate p-n junctions one of which is formed be 
tween the two inner zones and emerges at the Surface of 
said semiconductor body and is central to the other two 
and each of the others of which is formed between a cor 
responding one of said outer zones and a corresponding 
one of said inner zones, one of the p-n junctions formed 
between one of said outer zones and a corresponding one 
of said inner zones being spaced from the central p-n 
junction by a distance along the surface of the semi 
conductor body larger than the diffusion length of the 
minority carriers on said one of said inner zones of the 
semiconductor body on the surface of said semiconductor 
body between said two p-n junctions by at least the 
factor 20. 

5. A semiconductor element as claimed in claim 4, 
further comprising a contact electrode on said one of said 
inner zones at the surface of said semiconductor body 
between said p-n junctions. 

6. A semiconductor element as claimed in claim 4, 
wherein the surface layer of said semiconductor body 
between said p-n junctions is provided with more dopant 
impurity atoms than the remainder of said semiconductor 
body. 
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