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The present invention relates to induction heating in
a high vacuum or an inert atmosphere and more particu-
larly to a device for inductively melting a short zone of
an elongated specimen and for moving the melted zone
along the specimen.

The melting of a short zone of an elongated specimen
in a vacuum or in an inert atmosphere is used in known
processes of zone purification for semiconductor or metal-
lic materials such as germanium, silicon, iron, etc. In
the zone purification of such rods a short zone of the rod
is melted and the raolten zone is then moved longitudinal-
ly of the red. The moving molten zone acts as a distribu-
tor of impurities in the rods to a high degree or to increase
-or decrease the impurity or soluie concentration in pre-
determined portions of the rods as required. In order
to provide for a high degree of purity or to permit a pre-
determined distribution of the impurities, it is necessary
to carry out the zone purification in high vacuums or inert
atmospheres and to provide for movement of the molten
zone along the rods with a minimum amount of vibration
or movement of the specimen rods themselves. Zone
purifiers now in use do not provide the necessary com-
bination of a neutral atmosphere and a smoothly operat-
ing zone motion. The apparatus of the present inven-
tion is an imprevement upen known types of zone melting
devices which provides for an improved control of the
zone motion while the specimen rod is mounted in a
high vacoum or an inert atmosphere. A novel device is
provided which moves the molten zones along the rods
while the rods themselves are mounted with freedom from
vibration and longitudinal motion.

Accordingly, an object of the present invention is to
provide an improved means for zone purification.

Another object of the present invention is to provide
a zone purification device which provides for vibration-
free mounting of the specimen.

Another object of the present invention is to provide
an improved induction type zone purifying device.

Another object of the present invention is to provide
an improved induction type zone purifying device having
movable induction heating coils.

Other and further objects of the invention will be ob-
vious upon an understanding of the illustrative embodi-
ment about to be described, or will be indicated in the
appended claims, and various advantages not referred to
herein will occur to one skilled in the art upon employ-
ment of the invention in practice.

A preferred embodiment of the invention has been
chosen for purposes cf illustration and description and is
shown in the accompanying drawings, forming a part of
the specification, wherein:

Fig. 1 is a side elevational view partially in section of
the zone purification device of the present invention;

Fig. 2 is a sectional view taken along the line 2—2 of

Fig. 1;
Fig. 3 is an enlarged fragmentary sectional view of the
induction heating coils;
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Fig. 4 is a sectional view taken along line 4—4 of Fig.
3; and '

Fig. 5 is a schematic diagram of the coils.

The rodlike specimen 1 of germanium or silicon or
other material is mounted between holders 2 and 3 on
support rods 4 within a transparent airtight cover or jar
5. The jar 5 is mounted by an airtight seal indicated at
6 on a platform 7 which is supported on a stand indicated
generally at 8.

In order that the specimen 1 may be positioned vertical-
ly during the zone purifying operation, the platform 7
is attached to the stand 8 by adjustable gimbals 9 and 10.
As'seen in Fig. 2, the gimbal 9 is pivotally mounted by its
shaft 11 in bearings 12 on the top 14 of the stand 8 and
the position of gimbal 9 is adjusted by threaded adjustor
screw 15 which engages the stand top 14 to position the
arm 16 on gimbal shaft 11 against the force of com-
pressed spring 17. The gimbal 19 is rotatably mounted
in gimbal 9 on shafts 19 and 20 and its position is ad-
justed by the rotation of threaded adjustor screw 21
which engages the arm 22 fixedly mounted on the outer
end of gimbal shaft 19 and which moves the arm against
the force of the compressed spring 24. Level guages
25 (Fig. 2) are mounted on the gimbals to assist in their
adjustment so that the platform 7 which is attached to
inner gimbal 10 by brackets 26 may be adjusted to a
horizontal position.

In order to provide an atmosphere within the jar 5
which is inert with respect to the specimen 1, a vacuum
system 30 is connected to the interior of the jar 5 through
an outlet tube 31. In the preferred embodiment the vac-
tum’ system 36 comprises a diffusion pump 32 with a
back-up pump (not shown) connected thereto through
valve 35 in the conventional manner. The vacuum ap-
paratus connected to the outlet tube 31 comprises a con-
ventional high-vactum pumping arrangement and a fur-
ther description is therefore unnecessary. The vacuum
system 30 is the preferred means for providing a pure
atmosphere about the specimen 1; however, with certain
specimens and where inert gases of extremely high purity
are obtainable, the vacuum system 30 may be replaced
by a connection to'a source of inert gas.

The induction heating means used to melt a short
longitudinal zone of the specimen 1 comprise a primary
coil 36 positioned outside the jar 5 and a secondary coil
37 energized thereby and positioned within the jar 5§ ad-
jacent to the specimen 1. A mounting system 38 is pro-
vided for the coils 36 and 37 which moves the coils longi-
tudinally of the specimen 1 in synchronism with each
other and which also is adapted to move auxiliary induc-
tion coils in synchronism with the heating coils 36 and
37.  As illustrated in Figs. 3-5, the secondary heating
coil 37 comprises a single turn having an inner portion
37a closely spaced from the specimen 1 to provide for
efficient heating of the specimen 1 so that the zone la
may be melied by the currents induced therein by the
heating coil 37 without auxiliary heating elements,

In the embodiment illustrated, additional coils are il-
lustrated in the form of molten zone supporting coils 39
and 40. Coil 39 is a primary coil mounted outside the
jar 5§ and coil 40 is a secondary coil energized by the
primary coil 39 and mounted within jar 5. The secondary
coil 40 is mounted below the molten zone 1z and it in-
duces currents therein which are repulsed by the cur-
rents in coil 40 so that the repulsion between the two
currents tends to support the molten zone ig against its
natural tendency to flow downwardly on specimen -1.
Coil 40 is shown with two turns each having a portion
40a bending inwardly adjacent to the specimen 1. As will
now be more fully described, the mounting system 38
supports. the four coils 36, 37, 39, and 40 in a fixed rela-
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tionship with respect to each other and movable with
respect to the specimen 1.

The mounting system 38 is fixedly connected to the
platform 7 in perpendicular relationship therewith by its
support arm 41, which is attached to the ocuter end 28a
of gimbal shaft 20. The support 41 will therefore be ad-
justed to a perpendicular position when the platform 7
is adjusted to a horizontal position by adjustor screws
15 and 21. Coil support rod 42 is slidably mounted in
pearing brackets 43 on the support arm 41, The pri-
mary heater coil 36 and the primary auxiliary coil 32
are mounted on bracket 44 which is adjustably posi-
tioned on the suppori rod 42 by clamping screw 5.
Coils 36 and 39 are attached to and supported by suit-
able terminals 46 and 47 which are adapted for connec-
tion to suitable oscillators (not shown). The secondary
coils 37 and 40 are also mounted on the support red
42 through the intermediation of bracket 48 and support
rods 49 and 50, respectively. The bracket 48 is adjust-
ably positioned on the support rod 42 by the clamping
screw 51, The support rods 49 and 58 slide in airtight
bearings 52 and 54 in the platform 7 so that they are
enabled to reciprocate vertically with respect to the
specimen 1. A threaded connection is provided between
the support reds 49 and 58 and the arms 55 and 56 of
the bracket 48 to allow for fine adjustments of the posi-
tions of secondary coils 37 and 40 with respect to each
other and with respect to the primary coils 36 and 39.
The threaded connection comprises nuts 57 and 58 which
engage the threaded portions 59 and 8% of support rods
49 and 59 and which are rotatably positioned in slots
55q and 56a of the bracket arms 55 and 56.

As each of the coils 36, 37, 39, and 48 is connected
to the support rod 42, the coils will move in synchronism
as the rod 42 moves in its bearing brackets 43. In the
preferred embodiment, the support rod 42 has a hy-
draulic cylinder 61 at its lower end which is adapted
to move the support rod 42 wp and down as is required
for the particular purifying operation being used. A
piston 62 is connected to the support rod 42 and the ad-
mission of hydraulic fluid under pressure to either inlet
63 or 64 moves the support rod 42 and the attached
coils up .or down with respect to the specimen I.

The secondary coils 37 and 40 are preferably hollow
and are water cooled. The cooling system for coil 37
comprises a supply tube 63 adapted for connection to a
snitable water or other cooclant source and a drain tube
66. The tubes 65 and 66 pass through the hollow center
of the support rod 4%. The tubes 65 and 66 have at least
their bottom portions formed of rigid metal to support the
secondary coil 37 and they are connected in the electrical
center of the hollow secondary coil 37 to provide a ground
potential at this point. As seen in Fig. 4, a baffle 67 is
provided between the connection of tube 65 and tube 66
so that the coolant passes completely around the coil
37 in the direction of the arrows as it flows from the
- supply lube 65 to the drain tube 66. The secondary coil
40 is also mounted on and cooled by a water supply
tube 68 and a drain tube 68. These tubes are connected
at opposite sides of a baffle 78 (Fig. 3) which requires
the coolant to flow completely around the secondary in
passing from the supply tube 68 to the claim tube 6%.
Tubes 68 and 6% are connected to the electrical center
of the secondary 48 to ground this point.

A drive system adapted to rotate the specimen ¥ or ¢

its longitudinal axis to equalize the melting effects is
indicated generally at 71. The drive system 7i com-
prises a drive motor 72 with a suitable speed reducer 73
which drives the vertical drive shaft 74. A magnetic cou-
pling member 75 is mounted on the upper end of the drive
shaft 74 which comprises a housing 76 rotatably mounted
on bearings 77 which engage the fixed shaft 78 on the
bottom of the outlet tube 31. Permanent magnets 7%
on the housing 76 are magueticailly coupled to per-
manent magnets 86 on the gear shaft 81 which is ro-
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tatably mounted within the outlet tube 31 and which is
coupled to the lower specimen holder 3 by step-down
gearing indicated at 82. In order to avoid the transmis-
sion of any vibration from the gear train 82 to the speci-
men 1, the coupling between the specimen % and the
last gear train 82 is a flexible coupling 84 with spring
members 8§.

The upper specimen support 2 is rotatably mounted
on the support bracket 87 by a bearing indicated at 88.
A locking screw 89 is provided to prevent the rotation
of the upper end of specimen 1 when it is desired to
rotate only the lower portion to stir the molten zone
1a. A splash pan 86 is mounted beneath the specimen
i to protect the gear train from metal splashes.

The operation of the above-described zone purifica-
tion device will now be described.

The platform 7 is first adjusted to a horizontal position
by the operation of the adjusting screws %5 and 21 on
the gimbals 9 and 16. Specimen 1 is then mounted on
the holders 2 and 3 and the airtight cover 5 is placed in
position on platform 7 over the support rods 4. The
atmosphere within the airtight cover 5 is now purified
by the creation of a vacuum therein by the operation of
the diffusion pump 32 and the backing pump. These
pumps draw the air out of the airtight cover 5 through
the outlet tube 31 to form a substantially complete vac-
uvum within the airtight cover 5 and surrounding the
specimen 1. The hydraulic cylinder 6 is now used to
move the coil support rod 42 and the attached coils 36,
37, 39, and 48 to their desired starting position with
relation to the specimen 1. This position will depend
upon the particular purification process being used with
the particular specimen 1 mounted in the zone purifying
device. When the coils have been moved to the starting
position, the oscillators which are connected to the pri-
mary coils 36 and 39 through terminals 46 and 47, re-
spectively, are energized. The specimen heating currents
are now induced in the secondary 37 and in the specimen

. 1. A short longitudinal zone Ia (Fig. 3) of the speci-
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men 1 is now melted by the current induced in the speci-
men 1 from the secondary 37 of the heating coils. A
repulsive supporting force is provided for the molten
zone 1a by the currents induced therein by the auxiliary
secondary coil 48 which is positioned beneath the melt-
ing coil 37 and the molten zone 1a.

Once the molten zone Ia has been formed on the speci-
men 1, the zone purification process requires the molten
zone 1« to be moved longitudinally along the specimen
1. This is done by admitting hydraulic fluid through
the hydraulic cylinder inlets 63 or 64 to move the coil
support rod 42 upwardly or downwardly, respectively, as
is necessary for the particular purification operation being
performed and at a speed which is contrclled by con-
trolling the rate of flow of the hydraulic fluid into the
hydraunlic cylinder 6@. Since the primary coils 36 and
39 are rigidly attached to the support rod 42 on bracket
44 and since the secondary coils 37 and 4§ are also rig-
idly connected to the support rod 42 by means of the
bracket 48, the coils will maintain a constant relation-
ship with respect to each other as they are moved along
the specimen 1. During the motion of the coils, the air-
tight cover 5, which is preferably a glass jar, acts as an
insulator between the primary and the secondary coils.
In order to equalize the heating effect of coil 37 around
the circumference of the specimen 1, specimen 1 is ro-
tated by drive motor 72. Preferably the drive motor
72 is a variable speed motor so that the rate of rotation
of the specimen 1 may be adjusted.

During the purifying operation, the overheating of the
secondary coils 37 and 40 is prevented by the admission
of coolant to the coils through the inlet tubes §5 and 68,
respectively.

When the zone purification has been completed by the
movement of the molten zone 1¢ along the specimen 1
to the extent required, drive motor 72 and coils 36 and
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39 are de-energized along with the diffusion pump 32
and the backing pump. The air pressure is then raised
within the cover 5 to correcsond to the outside pres-
sure and the cover 5§ is removed to permit the removal
of the specimen 1.

It will be seen that the present invention provides an

improved zone purification device which provides for
the zone purification of a rodlike specimen in a pure
atmosphere with a minimum amount of vibration and
with no longitudinal motion of the specimen. The zone
purifying device permits the use of heating coils as well
as auxiliary coils and provides for the synchronized
movement of all the coils so that they all may be op-
erated with corresponding motions. The heating coil
is adapted to initiate the zone heating without auxiliary
heating means so that the starting of the zone purifying
- operation is simplified. Cooling means are provided
for the secondary coils adjacent to the specimen to per-
mit their efficient operation with high induced currents
without overheating. The zone purifying device of the
present invention is also adapted for automatic operation
so that the melted zone on the specimen may be moved
longitudinally of the specimen in the desired pattern and
so that the specimen may be s'multaneously rotated on
its longitudinal axis with a minimum of supervision.

As various changes may be made in the form, con-
struction and arrangement of the parts herein without
departing from the spirit and scope of the invention and
without sacrificing any of its advantages, it is to be under-
stood that all matter herein is to be interpreted as il-
lustrative and not in a limiting sense.

Having thus described my ‘invention, I claim:

1. A zone purification device for refining an elongated
solid metallic body comprising the combination of an
airtight enclosure adapted to contain an elongated speci-
men of the solid metallic body, a transformer including
a primary coil outside said airtight enclosure and a sec-
ondary heating coil within said airtight enclosure adapted
to encircle closely a portion of the specimen, and said
primary coil and said.secondary coil connected to a com-
mon movable support means whereby the secondary coil
may be moved along the specimen while maintaining a
fixed position relative to said primary coil.

2. A zone purification device comprising the combina-
tion of an airtight enclosure adapted to contain an elon-
gated specimen, a transformer including a primary coil
outside said airtight enclosure and a secondary heating
coil within said airtight enclosure adapted to encircle
a portion of the specimen, said primary coil and said
secondary coil connected to a common movable sup-
port means whereby the secondary coil may be moved
along the specimen while maintaining a fixed position
relative to said primary, a second transformer having a
primary coil outside said airtight enclosure and a sec-
ondary coil within said airtight enclosure adapted to en-
circle the specimen at a position spaced from said first-
mentioned primary coil, and said primary coil and said
secondary coil of said second transformer being mounted

- on said movable support whereby they move in a fixed
relationship to each other and to the primary coil and
the secondary coil of said first transformer.

3. A zone purification device comprising the combi-
nation of an airtight enclosure adapted to contain an
elongated specimen, a transformer including a primary
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coil outside said airtight enclosure and a secondary heat-
ing coil within said airt.ght enclosure adapted to encircle
a portion of the specimen, said primary coil and said
secondary coil connected to a common movable sup-
port means whereby the secondary coil miay be moved
along the specimen while maintaining a fixed position
relative to said primary and said secondary coil being
hollow and being adapted for connection to a source of
coolant.

4. The zone purification device as claimed in claim
1 in which said airtight enclosure is coupled to an air
evacuating means.

5. The zone purification device as claimed in claim 2
in which said secondary coils are each hollow and are
each adapted for connection to a source of coolant.

6. A zone purification device comprising the combi-
nation of an airtight enclosure, an outlet on said en-
closure, spaced holders mounted within said enclosure
and adapted to support an elongated specimen therebe-
tween, one of said holders being rotatably mounted, a
drive means operatively coupled to said one holder, and
heating means for said specimen comprising a primary coil
outside said enclosure and a secondary coil within said
enclosure and adapted to encircle a portion of a specimen
mounted in said holders.

7. The device as claimed in claim 6 in which said drive
means comprises a drive motor positioned outside said
enclosure which is coupled to said one holder through
a wall of said enclosure by an airtight coupling.

8. The device as claimed in claim 7 in which said air-
tight coupling comprises a magnetic coupling.

9. A zone purification device comprising the combi-
nation of an airtight enclosure, a pair of spaced specimen
holders in said enclosure adapted to mount an elongated
specimen therebetween, an outlet on said enclosure, an
adjustable support for said enclosure movably mounted
whereby said specimen may be positioned vertically, a
transformer including a primary coil outside said en-
closure and a secondary heating coil within said enclos-
ure adapted to encircle the specimen, a common sup-
port means for said coils attached to said enclosure sup-
port and movable therewith, and said coils connected
to said support means through the intermediation of a
reciprocable member mounted for motion parallel to the
specimen whereby the secondary coil is movable along
the specimen with the primary coil maintained in fixed
relationship to the secondary coil.

10. The device as claimed in claim 9 in which said
enclosure support comprises a pair of gimbals rotatably
mounted on perpendicular axes. i

11. The device as claimed in claim 9 which further
comprises a hydraulic drive means operatively connected
to said reciprocable member and adapted to move said
reciprocable member in opposite directions.

12. The device as clamed in claim 9 in which said
specimen holders are rotatably mounted, and one of said
holders -is operatively connected to a drive means.
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