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ABSTRACT OF THE DISCLOSURE 

In a method of zone melting a semiconductor rod, the 
rod is substantially vertically supported at one end by a 
?rst end holder located in the substantially vertical axis of 
the rod, a seed crystal being attached to the other end 
of the rod and having a free end supported by a second 
end holder, and a molten Zone is formed in the rod by 
an annular heating device surrounding the rod and divid 
ing it into two rod portions, the annular heating device 
and the rod being moved relative to one another in the 
axial direction of the rod from the seed crystal to the ?rst 
end holder so that one of the portions of the rod is sup 
plied to the melt and the other portion thereof crystallizes 
out of the melt. The improvement in the method includes 
laterally displacing the annular heating device to a posi 
tion eccentric to the axis of the rod but nevertheless still 
surrounding the rod, and maintaining the eccentric rela 
tionship of the annular heating device to the rod for at 
least part of the molten zone pass along the rod. 

Our invention is a method of crucible-free zone melt 
mg. 

This method is to be carried out by zone melting appa 
ratus of the general type illustrated and described in US. 
Pat. Nos. 2,972,525, 2,992,311 and 3,030,194, for ex 
ample. 
When performing a crucible-free zone melting process to 

produce crystalline rods, especially semiconductor rods 
having large cross sections, such as silicon rods for ex 
ample of more than 25 mm. diameter, by employing an 
annular heating device, such as an induction heating coil, 
the crystals tend at times to travel or stray laterally or 
transversely to the axis of the rod during the growth 
thereof so that, after completion of the zone melting 
operation, the rods have a substantially corkscrew shape. 
This undesired deformation is observable especially when 
the crystallizing rod portion is set into relatively rapid 
rotation or is after-heated so that the liquid-solid bounda~ 
ry surface constituting the solidifying front is substan 
tially planar. 

It is accordingly an object of our invention to provide 
method for crucible~free zone ‘melting which avoids the 
aforementioned undesired deformation of the crystalliz 
ing rod. 
With the foregoing and other objects in view, we pro 

10 

20 

25 

35 

45 

50 

55 

vide in accordance with our invention method of crucible- ‘ 
free zone melting a crystalline rod, especially a semi 
conductor rod, which is gripped between a pair of end 
holders in a substantially vertical position with the seed 
crystal attached at one of the two ends thereof. An an 
nular heating device such as an induction heating coil 
energized by alternating current surrounds the axis of 
the rod and produces a melting zone which divides the 
rod into two rod portions and is passed through the rod 
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in the axial direction thereof from the seed crystal to 
the free end of the rod due to relative motion between 
the heating device and the rod so that one portion of 
the rod supplies the melt and the other portion thereof 
crystallizes out of the melt. In accordance with the inven 
tion we displace the annular heating device or heating 
coil laterally or transversely to the rod axis into an ec 
centric position with respect to the axis of the rod for at 
least part of the melting zone pass along the rod. The 
lateral displacement of the annular heating device or 
heating coil has natural limits dictated by the fact that 
the heating coil or heating device must not come into 
engagement either with the rod or the melting zone. 
The rate of displacement of the rod or the end holders 

thereof and the heating device or heating coil relative 
to one another can be predetermined so that the diam 
eter of the rod portion resolidifying from the melt has 
a predetermined value which may be greater than the 
inner diameter of the annular heating device. Also, the 
diameter of the rod portion supplied to the melt, the so 
called supply rod, can be greater than the inner diameter 
of the heating coil so that the melting zone is strangled 
or necked down in the vicinity of the coil and conse 
quently has particular stability against dripping of the 
melt. The rod portion recrystallizing from the melt can 
be selectively disposed above or below the heating device 
and concentric or eccentric to the rod portion supplying 
the melt. 

In accordance with further features of our invention, 
if desired, the heating device can be laterally displaced 
with respect to the rod before the seed crystal is fused to 
an end of the rod; for example it can be laterally dis 
placed up to an eccentricity of 5 mm. when employing 
an induction heating coil having an inner diameter of 
between 15 and 40 mm. This eccentricity can then be 
maintained during the entire zone melting process. For 
example, to produce a silicon rod of 44 mm. diameter 
from a supply rod held concentric or coaxial thereto and 
having a diameter of 27 mm., the heating coil, in the 
shape of a ?at coil with an inner diameter of 31 mm. 
and an outer diameter of 56 mm. is laterally displaced 
about 3 mm. or previously installed with such an eccen 
tricity. 

Other features which are considered as characteristic 
for the invention are set forth in the appended claims. 

Although the invention is illustrated and described 
herein as method of crucible-free zone melting, it is 
nevertheless not intended to be limited to the details 
shown, since various modi?cations may be made therein 
without departing from the spirit of the invention and 
within the scope and range of the equivalence of the 
claims. 
The method of the invention, together with additional 

objects and advantages thereof, will be best understood 
from the following description when read in connection 
with the accompanying drawings, in which: 
FIGS. 1 and 2 are elevational views partly broken 

away and partly in section showing two phases during 
the practice of one mode of the method of our inven 
tion, wherein the relative displacement of the heating de 
vice to the rod is in an upward direction; 
FIG. 2a is a diagrammatic plan view, partly in section, 

showing various phases during the practice of a mode 
of the method of our invention wherein the heating coil 
is rotated; 

‘FIGS. 3 to 5 are elevational views partly broken away 
and partly in section showing three phases during the 
practice of another mode of the method of our inven 
tion wherein the relative displacement of the heating de 
vice to the rod is in a downward direction. 

Referring now to the drawings and ?rst particularly 
to FIG. 1 thereof there is shown a silicon rod 2 having 
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a diameter D1, to which there is fused at the lower end 
thereof as shown in FIGS. 1 and 2, a seed crystal 3 
having a diameter D0 corresponding to a cross section 
that may be one tenth or less than that of the rod cross 
section. With the aid of an annular heating device or 
flat heating coil 4, energized by a high frequency alter 
nating current for example, there is produced a melt 
ing zone 5 in the rod 2 which can be passed through 
the rod 2 along the length thereof by maintaining station 
ary the holders 6 at the ends of the rod and seed 
crystal respectively while moving the heating coil 4 up 
wardly as shown in FIGS. 1 and 2 or by holding the 
heating coil 4 stationary and moving the holders 6 
downwardly or by both moving the heating coil upward 
ly and the holders 6 downwardly simultaneously. The 
seed crystal 3 can be monocrystalline for effecting mono 
crystalline growth. The seed crystal 3. and the resolidi 
?ed rod portion 2a therewith are rotated about their 
longitudinal axis. In the phase shown in FIG. 1, the melt 
ing zone is located at the transition boundary between 
the seed crystal 3 and a rod 2 of relatively greater 
thickness. The ensuing method steps are represented by 
the arrows in FIG. 1. The heating coil 4 is displaced 
not only upwardly with respect to the stationary rod 2, 
but also simultaneously laterally or transversely there 
to, for example toward the left-hand side of FIG. 1, 
so that the melting zone 5 is also forced toward the 
left-hand side of ‘FIG. 1 due to the magnetic forces ap 
plied thereto. In FIG. 2 there is shown a phase of one 
mode of the method of the invention in which a prede 
termined nominal diameter D2 of the recrystallizing rod 
portion 2a is attained. As soon as the nominal diameter 
D2 of the recrystallized portion 2a is reached, the heat 
ing coil 4 is no longer moved transversely to the axis 
of the rod but is only moved upwardly as shown in 
FIG. 2. If the recrystallizing rod portion 2a is to be 
thicker than the supply rod portion 2b, as shown in 
FIG. 2, the upper end holder ‘6 (FIG. 1) for the supply 
rod portion 2b is continually moved closer to the melt 
ing zone with suitable velocity in the axial direction of 
the rod. 

For more uniform distribution of doping or recombi- 
nation centers or both which form impurities over the 
cross section of the rod, the heating coil 4 can again 
be moved back during the zone-melting process to a 
position in which it is less eccentric to the rod or can 
be moved back altogether to its original position in 
which it is coaxial with the rod or can be moved back 
and forth repeatedly between this position and positions 
at which it has predetermined eccentricity relative to 
the rod or between positions in which it has prede 
termined maximum and minimum eccentricities relative 
to the rod. The speed of the back-and-forth or recipro 
catory motion of the heating coil 4 is advantageously 
great relative to the speed at which the melting zone 
‘5 is passed through the rod 2. For example, a coil 4 
can be reciprocated transversely to the rod 2 at a rate 
of nine (9) alternations per minute between the maxi 
mum and minimum eccentricity of the coil 4 relative to 
the rod 2 at the same time that the rod is being pulled 
in the direction of its longitudinal axis at a rate of 
about two (2) millimeters per minute. If the rotational 
speed of the recrystallizing rod portion 2a is 20 revolu~ 
tions per minute, the phase relationship of the rod por 
tion 2a and the coil 4, starting from the position of maxi 
mum eccentricity therebetween, is altered by the passage 
sequentially of the recrystallized rod portion 2a through 
various angular positions, and the original phase re 
lationship of maximum eccentricity between coil 4 and 
rod portion 2a is attained only when the coil is making 
its 9th alternation as it is being laterally reciprocated. 

If the reciprocatory motion of the heating coil 4, 
for example, is forced to carry out a substantially sinus 
oidal course with the air of an eccentric drive mecha 
nism, vibration or shock to the zone-melting apparatus can 
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be greatly avoided. The can be achieved even better as 
shown in the plan view of FIG. 2a, by having the heat 
ing coil 4 effect a circular movement about an axis IV 
lying outside the axis ‘II of the recrystallized rod por 
tion 2a and extending parallel thereto, at constant periph~ 
eral or tangential velocity on the circular path described 
by each point of the coil 4. This can be achieved for 
example by a parallel guide with the aid of a second 
eccentric having the same eccentricity and the same 
peripheral velocity as the drive eccentric, and having an 
angular position conforming therewith. The circle K 
represents the rotary path of the coil axis III about the 
axis IV. 

In FIGS. 3 to 5, those members corresponding to the 
members shown in FIGS. 1 and 2 are provided with the 
same reference numerals as in FIGS. 1 and 2. In the 
phases shown in FIGS. 3 to 5, the arrows indicate the 
respective directions of movement. For example, the rod 
portion 2b supplied to the melt 5 has a diameter of 26 
millimeters, and the crystallized rod portion 2a has a 
nominal diameter of 33 millimeters. The respective axes 
of the rod portions 2a and 2b are parallel and are dis 
placed from one another a distance of about ?ve (5) 
millimeters. At the beginning of the zone-melting opera 
tion, a heating coil 4 of the ?atly wound type, having an 
inner diameter of about 30 millimeters and an outer 
diameter of about 55 millimeters, are located so that the 
axis thereof extends in substantially the same vertical 
plane in which the axes of the two rod portions 2a and 
2b extend, and the eccentricity of the coil 4 relative to 
the two rod portions is substantially the same, namely 
about 2.5 millimeters respectively. In order to attain the 
nominal diameter of the crystallizing rod portion 2a, the 
heating coil 4 is gradually displaced laterally or trans 
versely to the axis of the rod portions, as shown in FIG. 3 
for example, until it has an eccentricity of seven (7) 
millimeters with respect to the rod portion 2a and two (2) 
millimeters with respect to the rod portion 2b. It is also 
possible to effect the fusion of the seed crystal 3 initially 
with both rod portions 2a and 2b and the heating coil 4 
being all arranged coaxially, and thereafter produce the 
aforedescribed eccentricity in the period necessary for 
attaining the nominal diameter of the crystallizing rod 
portions 2a, by continual displacement of the heating coil 
4 and one or both rod portions 2a and 2b. FIG. 4 repre 
sents an instant or phase in which the nominal diameter 
of the crystallized rod portion 2a, and, simultaneously, the 
outermost limit of the lateral displacement of the heating 
coil 4 is achieved. 
From the instant depicted in FIG. 4, the heating coil 4 

is reciprocated laterally to the right-hand side of the 
?gure a distance of about four (4) millimeters. FIGS. 4 
and 5 represent both reversing points of the lateral re 
ciprocatory motion of the coil 4. In the case of a circular 
movement of the heating coil 4 effected between the same 
limiting positions, the circular path described by the 
center of the coil does not surround the axis of the crystal— 
lized rod portion 2a, as shown in FIGS. 4 and 5. 
With the herein-described method of our invention, 

semi-conductor rods are in fact produced having speci?c 
resistance determined over the rod cross section with 
maximum deviations or tolerances of less than 10% and 
with an etch-pit density of less than 50,000 per square 
centimeter. 
By the method of our invention, not only can straight 

rods be produced from straight monocrystalline or poly 
crystalline supply rods, but rather also deformed rods can 
be subsequently straightened. Furthermore, with our 
method, a more uniform distribution of impurities form 
ing doping or recombination centers in the semiconductor 
rods can be obtained than with coaxial arrangement of 
the semiconductor rod and the heating coil. In addition, 
the formation of crystal defects can be reduced or prac 
tically completely avoided, especially when the crystallized 
rod portion in the vicinity of the melting zone is addition 
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ally heated with a further heating device surrounding the 
rod portion, which can advantageously be in the form of 
a radiant heating ring, having a temperature which is 
substantially the same as the melting temperature of the 
material being processed. 
We claim: 
1. In a method of zone melting a semiconductor rod 

wherein the rod is substantially vertically supported at 
one end by a ?rst end holder, a seed crystal is attached to 
the other end of the rod and has a free end supported by 
a second end holder, and a molten zone is formed in the 
rod by an induction heating coil surrounding the rod 
and divides the rod into two rod portions, the induction 
heating coil and the rod being moved relative to one 
another in the axial direction of the rod from the seed 
crystal to the ?rst end holder so that the molten zone 
passes axially through the rod, one of the portions of the 
rod being supplied to the molten zone and the other por 
tion thereof being crystallized out of the molten zone, the 
improvement therein which comprises laterally displac 
ing the induction heating coil in a direction transverse to 
the axial direction of the rod to a position in which it is 
eccentric to the rod though still surrounding the rod, 
and maintaining the eccentric position of the induction 
heating coil relative to the rod for at least part of the 
molten zone pass along the rod. 

2. Method according to claim 1, wherein both rod 
portions have longitudinal axes laterally offset from one 
another, and which includes displacing the induction 
heating coil to a position in which the axis thereof is 
eccentric to the axes of the rod portions and is spaced 
a greater distance from the axis of the crystallizing rod 
portion and a smaller distance from the axis of the supply 
rod portion than the distance between the respective axes 
of both rod portions. 

3. Method according to claim 1, which includes fusing 
the seed crystal to the other end of the rod, the seed 
crystal having a cross section smaller than the cross 
section of the rod, and moving the rod end holder relative 
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to one another as the molten zone is being passed along 40 
the rod so that the crystallizing rod portion, beginning at 
the end of the rod fused with the seed crystal, is steadily 

increased in thickness to a nominal diameter and is main 
tained at that nominal diameter. 

4. Method according to claim 3 which includes fusing 
the seed crystal to the other end of the rod with the in 
duction heating coil surrounding the rod, and laterally 
displacing the heating coil for a period until the nominal 
diameter of the rod portion crystallizing from the molten 
zone is attained. 

5. Method according to claim 2, which includes lateral 
ly displacing the induction heating coil before fusing the 
seed crystal to the rod. 

6. Method according to claim 3 which includes impart 
ing a periodic movement to the induction heating coil 
in said transverse direction, after the nominal diameter 
of the rod is attained, for repeatedly displacing it be 
tween two limiting positions in which the heating coil is 
eccentric to the rod. 

7. Method according to claim 3 which includes setting 
the induction heating coil in rotary motion about an axis 
located outside the axis of the recrystallized rod portion 
and parallel thereto. 

8. Method according to claim 3 wherein the heating 
coil is moved in said transverse direction at a velocity that 
is relatively great as compared to the velocity of the melt 
ing zone pass along the rod. 
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