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This invention relates to forming of monocrystals, and
especially to monocrystals of germanium and other semi-
conductive materials which are sunitable for use in tran-
sistors and similar devices.

The peculiar electrical characteristics of transistors,
which makes them suitable for use as amplifiers, oscil-
lators, detectors and as non-linear electrical devices gen-
erally, occur with reliable uniformity only when the semi-
conductive body of the transistor is formed from a single
crystal.

The common method for growing single crystals has
been the Bridgeman method, which involves lowering a
cone-shaped “crucible containing molten material to be
crystallized through a region in which a temperature
gradient is maintained such that the upper portion of
the region is above the melting point of the material,
while the lower portion of the region is below that melt-
ing point. The Bridgeman method is not suitable for
materials which expand on freezing, since the stresses
developed in the material cause polycrystalline effects.
For such materijals, the common method of growing a
single crystal, up to the present, has been the method
discovered and described by Czochralski early in this cen-
tury. Briefly, it consists of lowering a rod of pure
germanjum (or other material of which the crystal is
being formed) into a crucible containing molten ger-
manium. The crucible must be in a furnace having a
controlled vertical temperature gradient such that the
surface of the molten material in the crucible is at the
melting point of germanium. The molten material be-
low the surface is of course hotter than this melting point
and the space above the surface is cooler. The rod
of germanium is then very slowly retracted upward at
a carefully controlled rate of speed, with the result that
a single crystal of germanium is grown on the end of
the rod. Great care must be exercised with that process,
both with respect to temperature control and with respect
to the motion of the rod, in order to prevent the develop-
ment of a polycrystalline structure. The furnace tem-
perature gradient must be continuously adjusted to com-
pensate for the change in location of the surface of the
molten material as the crystal is withdrawn from it.

It is an object of the present invention to provide an
improved and simplified method of growing monocrystals.

Another object is to provide a method which will per-
mit the use of simpler apparatus.

Another object is to provide improved and simplified
apparatus for growing monocrystals.

The foregoing and other objects of the invention are
attained by supporting a molten mass of the material to
be crystallized so that it is laterally unconfined, and cool-
ing the molten mass by extracting heat from a limited
locality of the mass so that the solidification of the mass
proceeds from that locality. More specifically, a mass
of germanium, for example, is placed in the bottom of a
crucible, the mass being small enough so that when
melted it does not touch any of the lateral walls of the
crucible, A rod of suitable heat conductive material,
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preferably having a pointed tip, is brought into contact
with a portion of the molten pool, and then heat is slow-
ly extracted from a point on the rod remote from the
pool. The pool gradually freezes to form a single crystal,
the freezing action proceeding radially from the point of
contact of the rod as a center. The crucible and the
rod should be of a material which will not wet the ma-
terial from which the crystal is being formed.

Other objects and advantages of the invention will be-
come apparent from a consideration of the following
specification and claims, taken together with the ac-
companying drawing.

In the drawing:

Fig, 1 is a somewhat diagrammatic vertical sectional
view, through a furnace adapted to carry out the method
of the present invention; and

Fig. 2 is a horizontal sectional view taken on the line
II—II of Fig. 1.

‘Referring to the drawing, there is shown a heater or
furnace 1 of generally cylindrical form in which is located
a cylindrical crucible 2. On the bottom of the crucible 2
and spaced from the lateral walls thereof is a molten pool
3 of germanium or other material to be crystallized. Pro-
jecting downward into contact with the pool 3 is a rod
4 having its lower end pointed, and attached at its upper
end by suitable means to a cover 5 for the furnace 1.
Means is provided for evacuating this space within the
cover 5 of the furnace 1. The evacuating means may be
of any suitable construction and is illustrated diagram-
matically as including a vacuum pump 6. The upper end
of the rod 4 is provided with a cooling coil 7 of suitable
construction. Although shown as an external coil, the
cooling mechanism may take other forms, and may, for
example, be within the rod 4.

In carrying out the method of forming a monocrystal
according to the invention, a quantity of germanium is
placed in the bottom of the crucible 2 and the crucible
is then placed in the furnace 1. The cover 5 with the at-
tached rod 4 and evacuating pump connections is then
placed on the heater 1. The space within the heater 1
and the cover 5 is then evacuated to a suitable degree and
the heater is then started to bring the germanium 3 to its
melting point. ‘Any suitable heating means and tempera-
ture control means may be used, since such means forms
no part of the present invention. The entire interior
of the furnace should be maintained substantially at the
melting point of germanium.

The quantity of germanium placed in the crucible 2
should be such that when melted it will form a pool 3
which does not touch any of the lateral walls of the
crucible. Heat is extracted from the pool through the rod
4 by cooling its upper end, as for example by means of
the cooling coil 7. It is desirable to extract heat slowly,
without any sudden drop in temperature at any locality
within the furnace. As the heat is extracted, the ger-
manium in the pool freezes. It freezes first adjacent the
tip of the rod 4, and the freezing progresses outwardly.

Germanium expands on freezing by approximately 10%
of its volume. In order that the crystal formed from
the pool 3 may be a complete monocrystal, it is necessary
that the edges of the pool never touch the walls of the
crucible at any time during the cooling process. Con-
sequently, the mass of material in the pool must be smaller
than the mass required to cover the bottom of the cru-
cible. The mass of germanium employed should be
smaller than the bottom of the crucible not by the exact
amount of space required for expansion of the germa-
nium on cooling, but an additional four or five percent
of the area of the crucible should be allowed for error.

If one edge of the pool touches one wall of the cru-
cible during the cooling process, a polycrystalline forma-
tion will develop at that edge. The pool mdy form
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3--usable -monocrystal -throughout -most -ef its -structure,
but it will be polycrystalline wherever it is laterally con-
fined.

In-order-that-the liguid-peol-will -net spread -out -and
touch-the ‘walls of -the crucible, -the erucible- must be
of a-material which ‘does net -wet-ithe material -of -which
the crystal is being fermed. The rod.also should not
be ‘wet. by the -germanium. It is also desirable-that the
crucible and-the rod be of material which-will- net ¢con-
taminate-the crystal. In:the case of -germanium, graphite
or_carbon is preferred-for both -the crucible and-the rod
from both-these standpoints.

“While- the present method is not-necessarily limited-to
use with -materials which expand-on freezing, itfinds- its
greatest advantage with such materials.

The evacuation of the furnace during:the -melting
process s used only to prevent contamination-of the ger-
manjum-by -the air or other gas in-the furnace. ' Where
contamination of the material by the gases in- the: furnace
is-not a -problem, evacuation-may -be -omitted.

The bottom of the crucible 2 on which the -pool-rests
may-be either-flat or slightly concave. ‘If the concavity
is sufficient to partially -confine the melt, polycrystalline
effects are likely to develop.

‘The general temperature ‘within -the :furnace should be
maintained at the melting-point-of the material during the
freezing process. ‘The slow extraction of heat from one
point in-the germanium pool can then be readily. effective
to freeze the entire pool.

‘While I have shown .and described a preferred embodi-
ment of my invention, other modifications thereof will
readily -occur to those skilled in the art and I therefore
intend my invention to-be limited only by the appended
claims.
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I-claim:

1. The method of forming a monocrystal comprising
the steps of forming in a furnace a laterally unconfined
pool of molten crystallizable material, maintaining the
atmosphere in said furnace substantially at the melting
point of said material, bringing a pcinted member of heat
conducting material into contact with the pool, and there-
after solidifying said pool by slowly extracting heat from
2 limited locality of said pool by cooling a portion of
said member spaced from said pool.

2. The method of forming a monocrystal as defined
in claim 1, in which said member is formed of a material
which does not contaminate the crystallizable material.

3. The method of forming.a monocrystal as defined in
claim 1, in which the material is germanium,

4, The method of forming a monocrystal as defined in
claim 1, in which said furnace and said member are of
material which does not wet the material of which the
crystal is being formed.

5. The method of forming a monocrystal as defined in
claim 1, in which said member is formed of graphite.
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