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This invention relates to apparatus for pulling crystals 
from a melt of a material, such as that used for the pro 
duction of semiconductor monocrystalline crystals for 
electrical, photoelectrical or optical purposes, and more 
particularly to apparatus for producing crystals from 
materials which comprise highly volatile components. 

Several methods have been proposed for such purposes, 
all of them having in common that the melt is produced 
and subjected to crystal pulling Within a sealed vessel 
under the application of two different temperatures to the 
vessel space, one temperature being applied at the melt 
proper and the other being applied in the environment of 
the melt within the sealed vessel. Such “two-temperature” 
crystal pulling methods are described in the .copending 
applications Serial No. 45 6,249, ?led September 15, 1954, 
now US. Patent 2,993,384, by H. Welker, O. Folberth, 
R. Gremmelmaier and R. Grimm, and Serial No. 534, 
852, ?led September 16, 1955, by O. Folberth and R. 
Gremmelmaier. The terms “substance comprising a high 
volatile component” as used herein with reference to 
this invention, as well as with reference to the two-tem 
perature methods of crystal pulling in general, is under 
stood to include compounds such as stoichiometric and 
non-stoichiometric compounds, as well as alloys, which 
comprise one or more component elements whose partial 
vapor pressure above the melt, in the condition of equi— 
librium, is considerably higher than the partial pressure 
of the other component or components and also higher 
than the partial pressure of any resulting compound of 
the components being processed. 
The types of apparatus heretofore available for the 

purpose of carrying out the above-mentioned two-tem 
perature methods of pulling crystals within a sealed atmos 
phere require much improvement. They are generally or 
often of limited reliability and are also dif?cult to main 
tain in good operating condition for extended periods 
of time. The reason for these di?iculties is the fact that 
it is necessary in the known equipment to mechanically 
transmit the pulling movement from the outside into the 
sealed vessel and to also pass and to seal electric leads 
through the vessel for measuring and regulating the vari 
ous temperatures. 

It is an object of this invention to obviate these di?i 
culties. 
T 0 this end there is provided a movable pulling plunger 

or piston within the sealed melting vessel, the plunger 
being operated by a magnetic ?eld which is produced 
by a magnetic system located outside the vessel and longi 
tudinally movable as Well as rotatable relative thereto. 
The magnetic ?eld is produced preferably by a permanent 
magnet situated outside of the sealed vessel. The ?eld 
acts upon a soft-iron core Which is inside the sealed ves 
sel. Preferably, the iron core is mounted on the pulling 
plunger within the sealed vessel. The permanent magnet 
is connected with a driving or operating mechanism capa 
ble of moving the magnet system along the melting ves 
sel and also of rotating it about the longitudinal axis of 
the vessel. In this manner it is possible to combine, with 
out appreciable di?iculty, the translatory crystal pulling 
movement with a rotational movement of the piston 
often desired for crystal pulling purposes. 

According to another feature of my invention, I pro 
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vide the apparatus with a thermal image body, or model 
body, which is located outside of the sealed melting ves 
sel proper but is arranged in the vicinity of the crucible 
and within the same operational range of the same heat 
ing device that produces the melting temperature in the 
crucible. I further provide means for measuring the 
temperature of this dummy or substitute body as an in 
dication of the actual crucible temperature, thus requiring 
no electrical or other leads to pass through the walls of 
the sealed melting vessel. 
These and more speci?c features as well as the advan 

tages of devices according to the invention will be ap 
parent from the description of the preferred embodiment 
described below with reference to the drawing in which: 
FIG. 1 is a schematic vertical cross section through a 

crystal pulling device; 
‘FIG. 2 is a lateral view of the same device, showing in 

addition the operating mechanism for the crystal pulling 
plunger; 

FIG. 3 is a cross section taken along the line III-II‘I 
of FIG. 2; and 7 

FIG. 4 is an enlarged view of part of the cross section 
shown in FIG. 3. 
The same reference characters are used in all illustra 

tions for the same components respectively. 
The crystal pulling process is effected within a tubular 

’ vessel 1 of quartz. Located in the vessel is the crucible 2 
which is mounted on a support 3, both consisting, for ex 
ample, of graphite. Also disposed Within the vessel is 
the crystal pulling piston or plunger 4. Disposed in the 
upper portion of the plunger is an armature body 5 of soft 
iron fused into a quartz jacket 41, FIG. 4. An inter 
mediate layer 6 of a quartz ?bre mass (quartz wool) pro 
vides a ?rm seating of the soft-iron core 5 within the 
pulling plunger. Crucible 2 and plunger 4 are made 
of graphite because metals would be attacked, at the 
employed operating temperatures, by the vapors of the 
high-volatile components. The lower portion of the 
plunger 4 carries, fastened in a holder 40, the crystal seed 
or germ 7 which is shown to have coalesced with the ini 
tial portion 9 of a crystal being pulled out of the melt 8 
contained in the crucible 2. . 

Because of the generally necessary high minimum tem 
peratures, for example above 500° C., the soft-iron core 
5 must have a correspondingly high Curie point. A 
Co-Fe alloy having a Curie point above 900° C. is suit 
able for this purpose. 
The tubular quartz envelope or melting vessel 1 is 

provided with a hook 10 at its upper end to facilitate lift 
ing the vessel out of the apparatus. The vessel 1 rests 
upon a supporting pipe 11 of quartz. ‘For conducting 
the heating sequence in accordance with the above-men 
tioned two-temperature method, the apparatus is provided 
with four heating devices 12, 16, '17, 18. The heating 
device 12 serves for heating the crucible 2 and consists 
of a tubular high-frequency coil which, in operation, is 
traversed by cooling water and is energized by a suitable 
source of high-frequency current. In addition to the 
crucible 2, a graphite body 13 is located within the sup 
porting tube 11 within the effective heating range of the 
high frequency induction heater 12. The mass of the 
graphite body 13 is so dimensioned that it is thermally 
similar to the graphite crucible 2, in order that the tem 
perature of body 13 may serve as a measure of the tem 
perature obtaining in the crucible and the melt. For that 
reason the body 13 is herein called the thermal image 
body or dummy or model body. The model'body is 
disposed within an atmosphere of protective gas which 
is supplied‘ through a nipple 14. For determining and 
regulating the temperature of the melt, a thermo couple 
15 is inserted into the model body 13. Instead of this 
temperature measuring and regulating device, any other 
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suitable measuring means, such as any known radiation 
pyrometer, may be used. The heating devices 16, 17 
and 18 form individual resistance furnaces serving to 
heat the other portions of the melting vessel 1. The 
resistance furnace 16 consists of slitted chromium-nickel 
tubing. The resistance elements 17 and 18 are wire coils 
supported by bodies of ceramic material. To facilitate 
visual observation of the crucible zone, the furnace 18 is 
mounted on a ceramic body of stepped shape. The cur 
rent supply leads to the respective heating devices are 
schematically represented by arrows. 
_ The pulling piston or plunger 4 is displaced length 
wise of vessel 1 and is rotated with the aid of permanent 
magnet 19_. The magnet 19 is protected by a cooling 
water jacket 42 (FIG. 4) whose water inlet and outlet 
conduits are denoted by 26} (FIG. 1). Another thermo 
couple 21 is provided for determining the temperature of 
the upper portion ofthe melting vessel 1. A tube 22 
of quartz and a lining of quartz wool 23 holds the melt 
ing vessel 1 ?rmly within the apparatus. 
The actuating mechanism for the magnet 19 is shown 

in FIGS. 2 and 3. The lateral view presented in FIG. 2 
illustrates ‘the mechanism employed to move the perma 
nent magnet 19 vertically, to effectuate the crystal pull 
ingmovement. FIG. 3 shows‘ the mechanism employed 
to rotate the pulling plunger. The permanent magnet 19 
comprises two aligned pole portions ?rmly joined to each 
other by a ring-shaped yoke 31 which is ?xed upon 
rotary drum or pulley 310. A V-belt drive 32 rotates the 
pulley 310 and therefore the permanent-magnet assembly. 
Pulleyv 310,,is mounted on or in ring 33%} carried by sup 
port 33. This motion is transmitted to the pulling plung 
er. The magnet assembly and the belt drive are'mounted 
on the support or carrier 33 (FIG. 2). The carrier 33 
is moved vertically by means of a mechanism comprising 
a spur gear34 which meshes with a rack gear 359 on col 
umn ,35 andcan be operated by hand through a shaft 36 
('FIG. ,3). The gear 34 can also be turned, through the 
gears 379, 371, by means of Cardanic-shaft drive 37, at 
a desired, predetermined velocity of vertical displacing 
motion. .Shaft 37 is turned by schematically indicated 
motor 372. It will be recognized that the rotating and 
displacing mechanisms may be modi?ed provided that 
they secure the desired rotational and displacing move 
ment of the magnet system. 
The quartz jacket into which the soft-iron core is 

fused, is denoted by 41 (FIG. 4) the cooling jacket for 
the magnet 19 being denoted by 42. 
The apparatus illustrated in the drawings is presented 

only by way of example. Various modi?cations and 
variations are applicable, particularly with respect to the 
design of the individual components of the apparatus. 
The design and shape of the melting vessel, the crucible, 
theheating devices, and the magnetic devices for trans 
mitting motion through the melting vessel, as well as the 
mechanisms for imparting translational and rotational 
motion to the plunger can be adapted to special operating 
and manufacturing conditions. 
Apparatus built in accordance with this invention 

eliminates the dif?culties occurring with motion-trans 
mitting mechanisms which are mechanically connected 
with the pulling plunger and which require mechanical 
elements to pass through the walls of the melting ves 
sel. In view of the minimum temperature required for 
the described process‘, which is about 500° C. in the 
melting vessel, and also because of the chemical activity 
of highly volatile components such as arsenic or phos 
phorus, at these temperatures mechanical connections 
through the vessel wall are complicated and di?icult to 
make and ‘maintain. 
The apparatus according to the invention is suitable for 

the pulling of crystals, particularly monocrystals, accord 
ing to any of the above-mentioned two-temperature 
methods. ‘Particularly suitable for operation with such 
apparatus are AmBv compounds, that is compounds of 
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an element from the third group with an element from 
the ?fth group of the periodic system. This includes, for 
example, indium arsenide (InAs), gallium arsenide 
(GaAs), indium phosphide (InP) or gallium phosphide 
(GaP). Also particularly suitable for processing in the 
apparatus are compounds which, aside from the above 
mentioned arsenic and phosphorus, contain as a highly 
volatile component such elements as selenium, sulphur, 
iodine, bromine or mercury. 

Although the piston moving apparatus has been shown 
in the form best adapted to perform the process described 
in the prior applications referred to above, it can, with 
slight modi?cation, be employed to carry out the crystal 
pulling process described in US. application Serial No. 
489,176, ?led February 18, 1955, by R. Emeis, now aban 
doned. In this event, the positions of the external heat 
ing coils 12 and 18 are modi?ed to provide for the melt 
ing of only a restricted upper and central region of the 
material in the crucible, in conjunction with an internal 
heat radiative element having no external connection or 
only one such connection. 

I claim: 
1. Furnace apparatus for pulling a semiconductor crys 

tal from a melt of a multicomponent material having a 
more volatile component and a less volatile component, 
in an atmosphere of the more volatile component, com 
prising a sealed quartz vessel for con?ning said atmos 
phere, a crucible for the material stationed in said vessel, 
said crucible having an opening, a crystal-pulling piston 
in said vessel and displaceable relative to said crucible 
opening, said piston being constrained to substantially 
straight line crystal pulling displacement, crucible heat 
ing means situated externally of said vessel, a structure 
providing a magnetic ?eld, a quartz encase magnet arma 
ture structure in said vessel and operatively connected 
to said piston, the structure providing a magnetic ?eld 
being located externally of said vessel, means for con 
trolled gradual displacement of the vessel and the struc 
ture providing a magnetic ?eld relative to each other for 
transmitting relative pulling displacement between said 
piston and crucible, the walls of the quartz vessel having 
no mechanical or electrical elements passing therethrough. 

2. The invention de?ned in claim 1, including a model 
body having a mass thermally equivalent, in heating-up 
and in cooling-down, characteristics to that of said cruci 
ble, said model body being mounted externally of said 
vessel near said crucible and Within the heating range of 
said crucible heating means, and temperature sensing 
means positioned externally of said vessel and thermally 
joined with said model body. 

3. Furnace apparatus for pulling a semiconductor crys 
tal from a melt of a multicomponent material having a 
more voltaile and a less volatile component, in an atmos 
phere of the more volatile component, comprising a sealed 
quartz vessel for con?ning said atmosphere, at crucible 
for the material stationed in said vessel, said crucible 
having an opening, a crystal-pulling piston in said vessel 
and displaceable relative to said crucible opening, said pis 
ton being constrained to substantially straight line crystal 
pulling displacement, crucible heating means situated ex 
ternally of said vessel, a structure providing a magnetic 
?eld, a quartz encased magnet armature structure in said 
vessel and operatively connected to said piston, the struc~ 
ture providing a magnetic ?eld being located external 
ly of said vessel, means for controlled gradual 
displacement of the vessel and the. structure providing a 
magnetic ?eld relative to each other for transmitting rel 
ative pulling displacement between said piston and cruci 
ble, the walls of the quartz vessel having no mechanical 
or electrical elements passing therethrough, said external 
structure providing a magnetic ?eld ?ux oriented trans 
versely of the quartz vessel, the crystal pulling being lon 
gitudinal to said vessel, the said armature structure com 
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prising a soft-magnetic material having a Curie point of 
above 500° C. 

4. Apparatus for pulling a semiconductor crystal from 
a melt of a semiconductor material having a more volatile 
component and a less volatile component, in an atmos 
phere of the more volatile component, comprising a sealed 
vessel of elongated shape for con?ning said atmosphere, 
a crucible for the material stationed in said vessel, and 
having an opening, a crystal-pulling piston in said vessel 
and adjacent the opening, said piston being rotatable trans 
versely of said vessel and being displaceable longitudinally 
thereof, crucible heating means about said crucible ex 
ternally of said vessel, a drive mechanism including a 
structure external to said vessel and providing a magnetic 
?eld ?ux oriented transversely of the vessel, and a mag 
net armature structure in said vessel and operatively con 
nected to said piston, said external structure being mov 
able longintudinally and rotatable transversely relative to 
said vessel to transmit a controlled gradual pulling move 
ment and a controlled gradual rotary movement to said 
piston, said drive mechanism including means operatively 
connected to said external structure to effect the longitu 
dinal and rotary movement. 

5. In apparatus according to claim 4, said drive mecha 
nism including a ring structure positioned coaxially about 
said vessel, said structure recited as providing a magnetic 
?eld being mounted on said ring structure, a support on 
which said ring structure is journalled for rotation about 
said vessel, drive means for vertically shifting said sup 
port, and drive means for rotating said ring structure on 
said support. 

6. Crystal pulling apparatus, comprising a sealed vessel 
of tubular shape mounted vertically, a crucible in said 
vessel, a crystal-pulling plunger vertically displaceable in 
said vessel above said crucible, a magnet armature form 
ing part of said plunger and having transversely opposite 
magnetic poles, a magnet ?eld structure in whose ?eld 
said plunger is located, said ?eld structure being disposed 
externally of said vessel and providing a magnetic ?eld 
having opposite magnetic poles acting transversely of the 
vessel, a ring structure coaxially surrounding said vessel, 
said structure recited as providing a magnetic ?eld being 
mounted on said ring structure, a support on which said 
ring structure is journalled for rotation about said vessel, 
drive means for gradually vertically shifting said support, 
and drive means for gradually rotating said ring structure 
on said support. 

7. A furnace for pulling crystals from a melt of a ma 
terial in a gaseous atmosphere, comprising an hermetical 
1y sealed vessel for containing said atmosphere, a crucible 
for the material in said vessel, heating means including 
means for melting at least part of the material in said 
crucible, said crucible having a mouth opening, means in 
the vessel for mounting a piece of the material opposite 
the mouth, said piece mounting means being movable 
in a direction toward and from the mouth, means for 
moving the mounting including a body of ferromagnetic 
material which is inside the vessel and is operatively con 
nected with said piece mounting means and including di 
pole means outside the vessel adapted for the impressing 
upon said inside body of a transverse magnetic ?eld, 
means for controlled gradual movement of said di-pole 
means longitudinally of said vessel to move the inside 
magnet and the piece mounting means lengthwise. 

8. The invention de?ned in claim 7 in which said means 
outside the vessel for impressing a movable magnetic 
?eld is further de?ned as including elements which rotate 
the magnetic ?eld about an axis disposed lengthwise of 
the sealed vessel. 

9. The invention de?ned in claim 7 in which the heat 
ing means comprises electro-inductive heating and heat 
radiative elements exclusively. 

10. The invention de?ned in claim 9, including a model 
body having a mass thermally equivalent, in heating-up 
and in cooling-down, characteristics to that of said cru 
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6 
cible, said model body being mounted externally of said 
vessel near said crucible and within the heating range of 
said heating means, and temperature sensing means posi 
tioned externally of said vessel and thermally joined with 
said model body. 

11. A furnace ‘for pulling crystals from a melt of a 
material, comprising a sealed vessel, a crucible for the 
material in said vessel, heating means including means 
for melting at least part of the material in said crucible, 
said crucible having a mouth opening, means in the 
vessel for mounting a piece of the material opposite the 
mouth, said piece mounting means being movable in a 
direction toward and from the mouth, means for moving 
the mounting including a magnet which is inside the vessel 
and is operatively connected with said piece mounting 
means and including means outside the vessel adapted 
for the impressing upon said inside magnet of a magnetic 
?eld, means to gradually move the magnetic ?eld length 
wise of said sealed vessel, to move the inside magnet and 
the piece mounting means lengthwise gradually, said 
means outside the vessel for impressing a magnetic ?eld 
having magnet poles facing each other on opposite sides 
of said vessel, and said armature structure being mounted 
on said plunger and having an elongated horizontal cross 
section providing two end faces opposite said two poles 
respectively. 

12. A furnace for pulling crystals from a melt of a 
material in a gas atmosphere, comprising a sealed vessel 
for con?ning said atmosphere, a crucible for the material 
in the vessel, heating means for melting at least part of 
the material in the crucible, said crucible having a mouth 
opening, crystal pulling means in the vessel opposite the 
mouth for pulling a crystal from the melt in the crucible, 
an internal magnetizable device in said vessel operatively 
connected with said crystal pulling means, an external 
magnet ?eld applying means outside said vessel for im 
pressing a magnetic ?eld upon the internal magnetizable 
device, means for relatively displacing the magnetic ?eld 
and the magnetizable device to displace the crystal pulling 
means and the crucible mouth relatively with respect to 
each other, to c?ect the crystal pulling. 

13. A furnace for pulling crystals from a melt of a 
material in a gas atmosphere, comprising a hermetically 
sealed vessel for con?ning said atmosphere, a crucible 
for the material in the vessel, heating means for melting 
part of said material in the vessel, said heating means 
being energized exclusively externally of said sealed 
vessel, and a model body having a mass thermally equiva 
lent, in heating-up and in cooling-down characteristics, 
to that, of said crucible, said model body being mounted 
externally of said vessel near said crucible and within the 
heating range of said heating means, and temperature 
sensing means positioned externally of said vessel and 
thermally joined with said model body. 

14. Furnace apparatus for pulling a semiconductor 
crystal from a melt of a multicomponent material having 
a more volatile component and a less volatile component, 
in an atmosphere of} the more volatile component, com_ 
prising a sealed vessel for con?ning said atmosphere, a 
crucible for the material stationed in said vessel, said 
crucible having an opening, a crystal-pulling piston in 
said vessel and idisp-laceable relative to said crucible open 
ing, crucible heating means situated externally of said 
vessel, a di-pole structure providing a transverse mag 
netic ?eld, and .a transversely elongated ferromagnetic 
armature structure in said vessel and operatively con 
nected to said piston, the said di-pole structure being 
located externally of said vessel, the vessel and the struc 
ture providing a magnetic ?eld being displ-aceable rela 
tive to each ‘other for transmitting relative pulling dis 
placement between said piston and crucible, the ferro 
magnetic armature structure being in a sealed casing pro 
tectin g it from the chemical action of the said more vola 
tile component, the ferromagnetic material of the arma 
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