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1. 

2,837,448 
METHOD OF FABRICANG SEMCONDUCTOR 

PN JUNCTIONS 

Carl D. Thurmond, Morristown, N. J., assignor to Bell 
Telephone Laboratories, Incorporated, New York, 
N.Y., a corporation of New York 
Application October 26, 1953, Serial No. 388,094 

7 Claims. (Cl. 148-1.5) 

This invention relates to the fabrication of semicon 
ductive bodies for signal translating devices and more 
particularly to methods of producing PN junctions in 
germanium and silicon wafers. 

Semiconductor bodies having PN junctions therein find 
application in a variety of signal translating devices, for 
example in rectifiers and photocells, such as disclosed in 
Patent 2,602,211, granted July 8, 1952, to J. H. Scaff 
and H. C. Theuerer, and in transistors such as disclosed 
in Patent 2,569,347, granted September 25, 1951, to 
W. Shockley. The junctions may be produced in a num 
ber of ways, one advantageous method involving alloyage 
of a significant impurity with a portion of a semicon 
ductive body. Significant impurity as used in the specifi 
cation and claims designates an impurity whose presence 
in a semiconductor determines the conductivity type of 
the semiconductor. In this method, generally, a donor 
impurity is placed in contact with a semiconductive body 
of P type (or an acceptor is placed in contact with a 
semiconductive body of N type) and the assembly is 
heated to a temperature at which the semiconductor and 
impurity alloy, the temperature of heating being such 
that only a portion of the body fuses. Upon cooling 
of the assembly, recrystallization of the molten mixture 
occurs and there is formed on the unfused portion of 
the body a layer of the semiconductor of the opposite 
conductivity type, whereby a PN junction is produced. 
An illustrative method of this type is disclosed in the 
application Serial No. 270,370, filed February 7, 1952, 
of G. L. Pearson. 

It has been found that in fabricating PN junctions by 
fusion techniques, frequently strains are introduced in 
the semiconductor during the recrystallization, whereby 
the electrical and physical characteristics of the junction 
are affected deleteriously and cracks are produced in the 

These effects are body, rendering the product useless. 
encountered particularly in the production of large area 
junctions, say of the order of one tenth to one centimeter 
square or larger in area. 
One general object of this invention is to facilitate the 

production of semiconductive bodies having a PN junc 
tion therein. More specific objects of this invention are 
to enable the production of germanium and silicon PN 
junctions of relatively large area, and to realize strain 
free junctions and such having advantageous electrical 
performance characteristics. 

In general, in the fabrication of PN junctions in ac 
cordance with this invention, a coating or layer of a 
donor or acceptor is provided upon a body of P or N 
type semiconductive material respectively and the as 
sembly is heated above the eutectic temperature of the 
semiconductor and impurity. The temperature of heat 
ing is such that only a portion of the body fuses and com 
bines with the impurity. - 

In accordance with one feature of this invention, foll 
lowing the heating above described, the temperature is 
reduced to somewhat above the eutectic temperature of 
the semiconductor and impurity, and a molten mass of 
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a metal having a melting point substantially lower than 
that of the impurity is introduced over the semiconductor 
impurity mass. After this the assembly is cooled. Dur 
ing the cooling, in effect, a substantial portion of the 
molten semiconductor-impurity first floats on the molten 
metal and then solidifies. Between the metal and the 
unfused portion of the semiconductive body there is 
formed a semiconductor Zone of conductivity type op 
posite that of the initial body and which forms a PN 
junction with the unfused portion. The junction is of 
uniform electrical and physical characteristics and large 
area junctions can be formed free of deleterious strains. 

in one specific embodiment of this invention, a layer 
of wafer of aluminum is provided upon a wafer of N. 
type silicon and the unit mounted in a crucible. The unit 
then is heated to about 900 to 950° C. and thereafter 
cooled slowly to about 700 to 750 C. With the unit. 
held at this temperature, molten indium is flowed into 
the crucible. Thereafter the assembly is cooled. The 
product is a wafer having an N type silicon base portion, 
a P type silicon layer upon and forming a junction with 
the base portion, an indium rich layer over the P type 
layer and an aluminum rich layer upon the indium layer. 
The aluminum and indium rich layers may be removed . 
as by etching, leaving a silicon body having a PN junc-. 
tion therein. 
The invention and the above noted and other features: 

thereof will be understood more clearly and fully from. 
the following detailed description with reference to the. 
accompanying drawing, in which: 

Fig. 1 illustrates diagrammatically apparatus which 
may be employed in the fabrication of semiconductive. 
bodies in accordance with this invention; . 

Fig. 2 is an elevational view showing the composition: 
of a semiconductive body produced in accordance with: 
this invention; 

Fig. 3 is a temperature-solubility curve for silicon in. 
aluminum; V 

Fig. 4 depicts a rectifier utilizing a PN junction pro 
duced in accordance with this invention; and 

Fig. 5 is a graph representing performance character 
istics of a typical rectifier of the construction portrayed 
in Fig. 3. 

Referring now to the drawing, the apparatus portrayed 
in Fig. 1 comprises a vessel 10 for example of porcelain 
having at its open end a stopper 11 provided with inlet. 
and outlet ports 2 and 13, respectively, through which an: 
inert gas, such as helium or hydrogen, may be introduced 
and circulated through the vessel. The stopper 11 has: 
extending therethrough also a tube 14 for receiving a 
thermocouple, and a sleeve 15 through which a rod 16, 
the function of which will be described presently, extends. 

Seated within the vessel 10 is a first crucible 17 having 
removably seated therein a second crucible 18. The 
crucible 18 has an aperture in its base in which a plug 
19 is seated. The plug 19 is coupled to the rod 16 by 
a yoke 24 and may be withdrawn from aperture in the 
base of the crucible 18 by manipulation of the rod. 

Disposed in the cavity between the two crucibles is a 
semiconductive wafer, or disc 20 having on one face 
thereof a layer, coating or wafer 21 of significant im 
purity. Disposed within the crucible 18 is a mass, 22 
of a metal having a melting point low in comparison to 
that of the impurity material 21. 
A heating coil 23 encompasses the vessel 10 and is 

positioned to concentrate the heat at the crucibles 17 
and 18; the latter advantageously may be of graphite and 
heated by induction from the coil 23. 

In general, in utilization of the apparatus depicted in 
Fig. 1 the disc or wafer 20 and the impurity 21 are heated 
to somewhat above the eutectic temperature of the semi 
conductor and impurity. This heating results in melting 
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solution. Following this, as in the other embodiments 
described hereinabove, the temperature is lowered, the 
additive metal, e.g. indium, is introduced into the cruci 
ble and the mass cooled. The resultant structure is as 
depicted in Fig. 2. A particular advantage of the use of 
a semiconductor-impurity alloy in this manner is that the 
amount of the said body which dissolves in the impurity 
may be made small, greater uniformity of solution of the 
face of the initial body obtains, and greater planarity of 
the PN junction produced is realized. 
What is claimed is: 
1. The method of producing a semiconductor PN 

junction which comprises placing a significant impurity 
determinative of one conductivity type upon crystalline 
semiconductive material of opposite conductivity type, 
heating the assembly to a temperature above the eutectic 
temperature of said impurity and material and below the 
melting point of said material, slowly cooling the as 
sembly to a temperature between the initial temperature 
and said eutectic temperature for forming a layer of the 
one conductivity type on the surface of the semiconduc 
tive body in contact with the molten layer, flooding the 
resulting combination with a molten metal which is ap 
preciably softer than and which has a melting point sub 
stantially below that of said impurity and further char 
acterized in that said semi-conductive material and said 
impurity are only slightly soluble in said molten metal 
at its melting point, and cooling the product to room 
temperature. 

2. The method of claim 1 in which the said semi 
conductive material is in the shape of a wafer and in 
which the said method is carried out in a crucible. 

3. The method of claim 1 in which the said semicon 
ductive material is in the form of a wafer, is a material 
selected from the group consisting of silicon and germa 
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nium and in which the said method is carried out with 
the wafer on a support. 

4. The method of claim 1 in which the said semicon 
ductive material is of n-type conductivity, is a material 
selected from the group consisting of silicon and germa 
nium and in which the said significant impurity is alumi 

5. The method of claim 1 in which the said semicon 
ductive material is of p-type conductivity, is a material 
selected from the group consisting of silicon and germa 
nium and in which the said significant impurity is 
antimony. 

6. The method of claim 4 in which the said material 
is silicon, in which the assembly is first heated to about 
900 C., in which the assembly is then cooled to about 
700° C., and in which the metal is indium. 

7. The method of claim 5 in which the said material 
is germanium, in which the assembly is first heated to 
about 750 C., in which the assembly is then cooled to 
about 600 C., and in which the metal is lead. 
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