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This invention relates to methods of zone-melting rod 
shaped bodies, hereinafter referred to as rods, which 
methods are to be understood to mean the local heating 
of such rods so as to obtain a molten zone, whereafter the 
heat source and the rod are relatively moved so that the 
zone advances through the rod in the direction of its 
length. Such methods are for instance described in the 
book "Zone Melting” by W. G. Pfann (John Wiley and 
Sons, New York) (1958). 
The material of the rod is melted at the front side of 

the zone, the so-called melting front, whereas such mate 
rial recrystallises at the rear side of the zone. The melt 
ing front is approximately flat and is substantially at 
right angles to the direction of length of the rod. The 
method is frequently used for Zone refining Semi-conduc 
tive materials, such as germanium, silicon and inter 
metallic compounds, but also for adding to such materials 
certain elements, hereinafter referred to as dopes, which 
may act upon the conductivity and/or conductivity type, 
for instance in a way named "Zone levelling,' and de 
scribed at pages 161-164 of the above mentioned book 
of Pfann. 

Such a dope often consists of a solid material which is 
disposed on the body in the form of a pill or powder and 
dissolved in the molten zone as soon as the latter reaches 
the location of the pill. It will be evident that this 
method is not applicable if the rod is in a vertical position 
such as with zone-melting without a crucible, sometimes 
referred to as "floating-zone' melting. For this applica 
tion it has been suggested to provide the activating mate 
rial in a cavity provided transversely to the direction of 
length of the rod. 

In the said methods it may occur that the dope partly 
evaporates before being absorbed by the melt. It also 
frequently happens that the pill keeps floating on the melt 
for some time so that not only does the evaporation proc 
ess last longer, but also the moment of the addition of 
the dope to the melt becomes uncertain. 
An object of the invention is inter alia to mitigate these 

disadvantages. 
According to the invention, the dope is provided in a 

bore the direction of iength of which is at an angle to the 
melting front, the zone being led through the rod in a 
direction such that the melting front reaches the opening 
of the bore sooner than the dope. The bore preferably 
has a depth such that the opening is closed by melting 
before the dope is reached by the melting front. 
The bore, when starting from a lateral face of the rod, 

may be provided in inclined position with respect to the 
direction of length, but it is also possible, when starting 
at one end of the rod, to provide it in the direction of 
length itself. 

In order that the invention may be readily carried into 
effect, two embodiments will now be described in detail, 
by way of example, with reference to the accompanying 
drawing. 

F.G. 1 is a diagrammatic sectional view of a device 
for zone-melting of a horizontal rod. 

FIG. 2 shows a similar device for zone-melting of a 
vertical rod. 

It is to be noted that parts of these devices which are 
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2 
not essential to the invention, such as envelopes and sup 
porting members, are omitted. 
The device shown in FIG. 1 comprises an elongated 

crucible 1, in which a rod 2, for example of germanium, 
is disposed. A movable source of energy, represented by 
a high-frequency coil 3, may bring about in the rod a 
molten Zone 4 which may advance in the direction of the 
aOW. 

Let it be assumed that a dope is to be added to the zone 
at the area indicated by 5, which dope has been given the 
form of a pill in the usual manner. Neither the form and 
the composition of the pill, nor the composition of the 
rod are essential to the invention. As an example the 
rod 2 consists of very pure zone-refined germanium and 
has a length of 30 cm., a height of 2.5 cm. and a cross 
sectional area of 4 cm.. The molten zone 4 having a 
length of about 3 cm. advances at a rate of 2 mm. per 
minute. The dope may consist of 0.085 mgr. of arsenic 
and the pill having a diameter of about 1 mm. may con 
sist of germanium in which the arsenic has been dis 
solved. 

In inclined direction a bore 6 has been provided, on the 
bottom of which the pill 7 is laid. The bore 6 may have 
a length of about 1.5 cm. and a diameter of about 2 mm. 
The longitudinal direction of the bore may be at an angle 
of 45 with the longitudinal direction of the rod 2. 

It will be evident that, due to the direction in which 
the Zone 4 advances, the melting front 8 reaches the bore 
at its opening firstly. This opening will thus be closed by 
melting before the arsenic in the pill 7 has been enabled 
to evaporate strongly and before the pill 7 will tend to 
float on the melt. 

By a further advance of the melting front 8 of for in 
stance about 1 cm. after the moment at which the open 
ing of the bore 6 was closed, the pill 7 is dissolved com 
pletely. 
The figure shows, in dotted line, a second bore 9 which 

extends in the direction of length of the rod. By means 
of such a bore, which must be at least as deep as the 
length of the zone 4, it is possible to add a dope in a 
similar manner to that described above. 

In the device shown in FIG. 2, a rod 11 is arranged in 
vertical position, while an energy source 2 is vertically 
movable with respect to the rod, resulting in a molten 
Zone 13 which is held between the ends of the rod due to 
surface tension. 
A dope may in this case be added by again providing 

an inclined bore 14, the opening of which lies higher than 
its bottom. The dope in the form of a pill 15 is laid in 
the bore. The molten zone is now advancing downwards 
with respect to the rod 1, so that the opening of the bore 
may be closed by melting by means of the melting front 
16 before the pill 5 is strongly heated. 

It will be evident that the angle made by the bore with 
respect to the melting front is important for the effect to 
be obtained. The larger this angle, that is to say, the 
more the bore extends in the direction of length of the 
rod, the greater is the effect obtained. 
What is claimed is: 
1. A method of doping an elongated body of semi 

conductor material, comprising providing from a surface 
of the body an elongated aperture which extends into the 
body a substantial depth, placing solid doping material 
in the aperture within the body through the opening at 
the surface, forming in the body a molten zone having 
front and rear surfaces with the front surface being in 
clined toward the said extended aperture and being closer 
to the aperture opening at the surface, and advancing the 
molten Zone through the body in a direction at which its 
front reaches the aperture opening before it reaches and 
melts the solid doping material, the angle of inclination 
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between the aperture and the front surface of the molten 
zone and the location of the solid doping material being 
such that the said front surface reaches and melts the fur 
thest point of the aperture wall at the surface before it 
reaches and melts the solid doping material. 

2. A method as set forth in claim 1 wherein the bore 
extends into the body at an acute angle relative to its 
length direction. 

3. A method of doping an elongated body of semi 
conductor material, comprising providing from a surface 
of the body an elongated bore which extends into the 
body at least partially in the direction of length of the 
body and at an angle to a direction transverse to the 
body, placing solid doping material at the bottom of the 
bore within the body through the opening at the surface, 
forming in the body a transverse molten Zone having 
front and rear surfaces with the front surface closer to the 
bore opening than its bottom, and advancing the molten 
zone through the body in its length direction at which 
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front reaches and melts the solid doping material, the 
angle of the bore and its depth being such that the said 
molten front reaches and melts the furthest point of the 
bore wall at the surface before it reaches and melts the 
solid doping material. 

4. A method as set forth in claim 3 wherein the bore 
extends into the body from one end in its length direction. 
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