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This invention relates to semi-conductive devices, and 
in particular to transistors of the junction type having 
a well or recess in the semi-conductive member to ac 
commodate an electrode, and to a method for producing 
such a transistor. 

In transistors of the foregoing type, a recess is pro 
vided in at least one of the surfaces of the semi-conduc 
tive member, and electrode material is disposed in the 
recess and subsequently alloyed with the underlying semi 
conductive member. In some cases, two such recesses 
and electrodes are arranged on opposite surfaces. This 
construction is for the purpose of producting a low 
base resistance. A particular construction is completely 
described in detail in R. C. A. Review, volume XIV, 
No. 4, pages 586-598. (1953). 

In the manufacture of such devices, in particular, tran 
sistors, the difficulty is found that the electrode material 
disposed in the well or recess tends to creep up the 
walls of the recess with the result that the favorable 
shape of the electrode desired, namely, the planar junc 
tion, is not obtained. 
The chief object of the invention is to provide a simple 

method and construction by which this difficulty is 
avoided in the manufacture of devices or electrode sys 
tems of the type described in the above-noted publication. 

According to the invention, the electrode material is 
accommodated in an insulating tube, which in turn is 
arranged coaxially in the recess, and the material then 
united or alloyed to the semi-conductive member by 
heating, the confined electrode material thus being pre 
vented from spreading. The tube preferably consists 
of refractory material, such as, for example, quartz. The 
term "refractory material' as used in this latter connec 
tion is to be understood to mean a material which does 
not change its characteristics to a perceptible degree at 
the temperature at which the electrode material is alloyed 
to the semi-conductive member, which temperature may, 
for example, be about 500 C. or less. As an alternative, 
it is also possible for the tube to be made from a ma 
terial which at the above heating or alloying temperature 
is decomposed in whole or in part. Such a material is, 
for example, an organic synthetic resin, such as a silicone 
resin. The use of the latter substance may have the 
advantage that the tube, when thus eliminated, will not 
give rise to mechanical stresses and disturbances in the 
crystal lattice during solidification of the electrode ma 
terial. If a current supply wire is to be soldered to the 
alloyed electrode, it is preferably effected at a stage at 
which the insulating tube still surrounds the electrode 
material. Thus, there is substantially no likelihood of 
dispersion or spreading of the electrode material during 
solidification. 
The invention will now be described with reference to 

the accompanying drawing, in which: 
Figs. 1 to 4 are cross-sectional views of several forms 

of transistors in accordance with the invention; 
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Fig. 5 shows an insulating tube filled with electrode 

material. 
Referring now to the figures, the transistors shown 

each consist of a semi-conductive member 1, for example, 
a disc of germanium approximately 100 microns thick cut 
from a monocrystal. In the construction shown in Figs. 
1 to 3, a recess or well 2 is formed in the surface of 
this member. Such a recess can be produced by etching 
or boring, In the construction shown in Fig. 4, two re 
cesses 2 and 3 are formed one on each side of the mem 
ber 1. 

In each recess, an electrode 4 is secured to the semi 
conductive member 1 by alloying. For this purpose, a 
suitable electrode metal 5, for example, indium if the 
semi-conductive member consists of n-type germanium, or 
a lead alloy containing antimony if p-type germanium is 
used, is disposed in an insulating tube 6 ( Fig. 5). As 
is well known, the electrode material when alloyed with 
the semi-conductive member alters its conductivity in a 
predetermined manner, e. g., by changing the conduc 
tivity type of a portion of the semi-conductive member 
to establish a rectifying or p-n junction therein. Where 
the electrode material is of substantial size, a large-area 
junction is generally produced. Next, the tube 6 is sawed 
into lengths as is shown diagrammatically by arrows, 
preferably lengths of a size such that each of them contains 
a suitable supply of metal. If the size is too large, the 
metal will tend to flow out at the bottom of the tube and 
to creep up the walls of the recess 2 when it is alloyed 
to the semi-conductive member. If the size is too short, 
it will be difficult to secure a current conductor to the 
electrode by soldering. The correct size can be ascer 
tained experimentally, while at the same time allowance is 
made for the materials used which according to their 
nature will assist in the dispersion of the electrode to a 
larger or lesser extent. The diameter of the electrode 
might be 0.4 mm. and its height 1 mm.; it may be consti 
tuted by indium. However, a slight amount of spreading 
as is shown in Fig. 2, need not always present difficulties. 
Finally, the metal-filled tube 6 is placed in the recess 2 
with the metal facing the bottom, and heat applied to 
cause the confined metal 5 to alloy to the underlying 
portion of the semi-conductive member 1. 
The tube 6 may consist of refractory insulating ma 

terial, for example, quartz glass or sintered quartz. In 
this event, it will continue to surround the electrode 
4 after alloying, but may, if required, subsequently be 
removed by etching. As an alternative, use may be 
made of a tube consisting of a non-refractory material, 
for example, an organic substance, which may, for ex 
ample, be carbonised during alloying and thus may re 
tain sufficient coherence for preventing the dispersion of 
the electrode metal. Examples of such materials are 
Teflon. A similar result can be obtained by using a 
combination of an organic binder and a refractory filler. 
The use of such a temporary insulating tube is indicated 
at 7 by broken lines in Fig. 3. When the tube has been 
removed, as shown in Fig. 3 the resultant alloy electrode 
4 possesses a substantially rod-like shape and is spaced 
from the walls of the semi-conductive member 1 de 
fining the recess 2. When the tube 6, as shown, is 
cylindrical, then the rod-like electrode 4 will also be 
of the same cylindrical shape. An example of the 
conbination of organic binder and refractory filler is a 
mixture of Teflon and silica. As has been mentioned 
hereinbefore, the use of such a removable tube may be 
of advantage if mechanical stresses have to be avoided as 
far as possible during cooling. If a refractory tube is 
used, these stresses can also be reduced by applying a 
layer of graphite or a similar soft material to the inner 
wall of the tube. In the construction shown in Figures 
1 to 3, a second electrode 8 is arranged on the plane 
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surface of the semi-conductive member opposite the 
electrode 4. This second electrode 8 may also be ar 
ranged in a recess, as is shown in Fig. 4, in which event 
a tube 6 may be used to prevent dispersion or spreading 
of the electrode material. An ohmic base connection 
12 is also shown in the figures. - 
The electrodes 4 and 8 have current supply wires 9 

and 10 secured to them by soldering. As has been men 
tioned hereinbefore, in the constructions in which this 
tube 7 (Fig. 3) is removed, this soldering process is 
preferably performed prior to the tube being removed. 
The remaining constructional details of the transistors 
illustrated in the drawing may be found in the above 
noted publication. 
While I have described my invention in connection 

with specific embodiments and applications, other modi 
fications thereof will be readily apparent to those skilled 
in this art without departing from the spirit and scope 
of the invention as defined in the appended claims. 
What is claimed is: 
1. A method of producing a semi-conductive device 

comprising a semi-conductive member having a recess 
in a surface portion thereof, comprising providing elec 
trode material capable of altering the conductivity of 
said semi-conductive member when alloyed thereto in a 
hollow, insulating member, disposing said hollow mem 
ber in the recess with the electrode material exposed to 
and facing the portion of the semi-conductive member 
at the bottom of the recess, and therefater alloying said 
electrode material to the semi-conductive member by 
applying heat thereto while the electrode material is 
confined by the hollow member. 

2. A method as claimed in claim 1 in which the 
hollow member comprises a tube consisting essentially 
of refractory, insulating material. 
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4. 
3. A method as claimed in claim 2 in which the tube 

is removed after the electrode material has been alloyed 
to the semi-conductive member. 

4. A method as claimed in claim 1 in which the 
hollow member is a tube consisting essentially of non 
refractory, heat-decomposable material and is decomposed 
at least in part during the alloying of the electrode. 

5. A semi-conductive device comprising a semi-con 
ductive member having a recess in a surface portion 
thereof, and an electrode arranged in said recess and 
alloyed to the semi-conductive member to alter a 
portion of the conductivity thereof, said electrode having 
an elongated portion spaced from the walls of the semi 
conductive member defining the recess. 

6. An electrode system comprising a semi-conductive 
body having at least one recess in a surface portion 
thereof, and an electrode in said recess and alloyed to 
the body and forming a substantially large-area, rectify 
ing junction, a portion of said electrode being substan 
tially rod-shaped and being spaced from the semi-con 
ductive member and not being dispersed during the alloy 
Ing. 

7. An electrode system comprising a semi-conductive 
body having a recess in a surface portion thereof, and 
an electrode in said recess and alloyed to the body to 
form a p-n junction therein, substantially all of said 
electrode having a cylindrical, rod-like shape. 
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