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METHOD OF GROWINC SINGLE CRYSTALS OF
COMPOUNDS

BACKGROUND OF THE INVENTION

Gallium arsenide single crystals are used for making
injection lasers (among other things). This application
requires that the crystals be of high quality with a low
dislocation density.

Although single crystals of gallium arsenide can be
grown by any one of several methods. a method of par-
ticular interest is one in which a seed crystal is placed
in contact with a melt of gallium arsenide in a boat
within a horizontal Bridgman furnace. The boat and a
quantity of arsenic are contained within a sealed am-
poule. The arsenic is maintained at a temperature
cooler than that of the boat containing the seed and the
melt but warm enough to maintain arsenic vapor at a
pressure of 1 to 1.5 atmospheres over the melt. A crys-
tal is grown by moving the boat and a heat zone with
respect to cach other so that the melt is progressively
frozen beginning at the seed end and progressing to-
ward the opposite end.

In the past, great care was exercised to try to keep the
arsenic vapor pressure as constant as possible within
the ampoule as the crystal was grown. This was accom-
plished by keeping the temperature of the arsenic as
constant as possible. A sensing thermocouple was dis-
posed adjacent the arsenic and the thermocouple was
used to control the current supplied to the zone heater.
However, it was found that, despite the great care
taken to maintain constant arsenic vapor pressure, sin-
gle crystal yield has averaged about 50%.

The present invention is based on the discovery that
single crystal vield of a compound such as gallium arse-
nide that contains a relatively volatile component, can
be greatly increased by slowly cycling the temperature
of the additional quantity of volatile element around a
mean temperature, thereby also cycling the volatile ele-
ment vapor pressure within the ampoule.

THE DRAWING

FIG. 1 is a schematic section view of apparatus that
can be used to carry out the method of the present in-
vention, as it appears during a preliminary stage of the
method, together with a typical temperature furnace
profile for growing a crystal of gallium arsenide, and

FIG. 2 is a somewhat enlarged cross-section view of
part of the apparatus shown in FIG. 1, as a crystal is
being grown.

DESCRIPTION OF PREFERRED EMBODIMENT

Apparatus, as shown in FIG. 1, may be used to carry
out the improved crystal growing method of the present
invention. The apparatus may comprise an electrically
heated furnace 2 having controlled heating elements
for providing a relatively cold zone 4, a zone 6 of inter-
mediate heat and a hot zone 8. The heated zones are
surrounded with firebrick insulation 10. The furnace
has a central cylindrical chamber 12 extending hori-
zontally from end-to-end.

For convenience in observing the progress of the
crystal growth, an observation window 14 extending
through the firebrick insulation 10 and the heating coil
of the hot zone 8, is provided.

The entire furnace 2 is movably carried on a lathe
bed carriage 16 which has means (not shown) for mov-
ing the furnace in a steady motion at a controlled rate
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along a limited path. The furnace of this example has
a length of 36 inches.

Within the central chamber 12 of the furnace 2 is sus-
pended a mullite tube 18 mounted on end supports 20
and 22 which are outside the furnace. The tube 18 has
an outer diameter which is slightly less than the inner
diameter of the furnace chamber 12 so that the tube 18
and the furnace 2 can move freely with respect to each
other. .

Within the mullite tube 18 is a quartz ampoule 24,
The mouth of the ampoule is closed with a glass seal 26
after the ampoule is loaded as will be described later.

Within the ampoule 24 is a quartz boat 28. To grow
a crystal of gallium arsenide. for example. the boat 28
is loaded by placing a seed crystal 30 of gallium arse-
nide properly oriented at one ¢nd of the boat. The rest
of the boat 28 is filled with a mass 32 of polycrystalline
gallium arsenide. A quantity of arsenic 34 is placed on
the bottom of the ampoule 24 between the boat 28 and
the cold end of the ampoule (seal 26). After the am-
poule 24 is loaded, the ampoule is evacuated to a pres-
sure of about 107 Torr and closed by means of the
glass seal 26. Alternatively, the gallium arsenide can be
prepared within the boat by reacting gallium metal and
arsenic vapor.

In order to aid in accurately controlling the tempera-
ture of the cold zone 4 of the furnace. a thermocouple
36 is provided adjacent the glass scal 26 within the am-
poule 24, The thermocouple 36 has lead wires 38 and
40 which are connected to a programmer and current
control device (not shown). Another thermocouple 42
is provided within the hot zone 8 to aid in accurately
controlling the temperature at the interface between
the seed crystal 30 and the liquid melt 32' (FIG. 2)
which results from melting the polycrystalline mass 32.
The thermocouple 42 has lead wires 44 and 46 con-
nected to a current control device (not shown).

When a crystal is to be grown, the ampoule 24 is dis-
posed within the mullite tube 18 so that the boat 28 is
within the hot zone 8 of the furnace 2 and the peak
temperature portion of the hot zone extends only to the
interface between the seed crystal 30 and the melt 32°.
The observation window 14 aids the operator in accu-
rately positioning the ampoule 24 and boat 28. The op-
posite end of the ampoule containing the arsenic supply
34 must be well within the cold zone 4.

After the ampoule 24 is properly positioned, current
is turned on to the three zones 4, 6 and 8 of the furnace
2. The furnace has the temperature profile shown in
FIG. 1 of the drawing.

When the furnace 2 has become fully heated, the
polycrystalline mass 32 becomes molten. Also some of
the arsenic 34 is vaporized and an arsenic atmosphere
becomes established throughout the ampoule 24 in-
cluding the space above the boat 28. Preferably, the ar-
senic vapor is at a pressure about 1 to 1.5 times normal
atmospheric pressure (at sea level). Some of the arse-
nic supply 34 condenses on the cold wall of the seal 26
to form a deposit 34'.

To grow a crystal, the furnace 2 is moved on the lathe
carriage 16 so that the hot zone 8 very slowly (e.g..
one-fourth inch per hour) moves away from the seed
crystal 30. Successive portions of the melt 32’ solidify
to form a single crystal 48 attached to the seed 30. Or-
dinarily, in a process of this type, usable single crystal
yield averages only about 50%.
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In the improved method of the present invention. the
temperature of the cold zone 4 is very slowly cycled in
a sinusoidal manner within a range between —1°to +1°
C and —5° to +5° C with respect to the normal mean
sublimation temperature of the arsenic. The cycle pe-
riod is about 10 to 30 minutes. The temperature cycling
causes a corresponding cveling of the arsenic vapor
pressure. :

When crystals are grown by this method. usable sin-
gle crystal vicld approaches 95 - 108% of low-
dislocation crystal.

Although the method has been illustrated in growing
crystals of gallium arsenide, it applies equally well to
growing crystals of other 1I-V compounds in which
one of the clements is so volatile that an atmosphere of
the volatile element must be maintained over the melt
which is being solidified so that the melt will not be-
come non-stoichmetric due to loss of some of one of
the constituents. Examples of other suitable com-
pounds are indium arsenide and gallium phosphide.
The method also is not limited to 11I-V compounds.

The method is also applicable to other crystal grow-
ing methods, for example, the vertical Bridgman
method, horizontal gradient freeze method, vertical
gradient freeze method, and traveling solvent method.

We claim:
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1. In a method of growing a single crystal of a I[I-V
compound. one element of which is relatively volatile
with respect to another element of the compound. by
maintaining a seed crystal of the compound in contact
with a melt of the compound within a scaled chamber
disposed within a furnace and progressively moving a
hot zone relative to said seed and said melt, away from
said seed. and in which a quantity of said relatively vol-
atile element is maintained within said sealed chamber
adjacent said melt but at a lower mean tempcerature
than that of said melt such that a part of said relatively
volatile clement becomes vaporized and such that an
atmosphere of said relatively volatile element is main-
tained over said melt, the step of continuously cycling
the temperature of said quantity of said volatile ele-
ment after it has become vaporized. around said mean
temperature within a range between —1° to +1°C and
—5° to 4+5°C, thereby cycling the pressure of said atmo-
sphere, the period of said cycling being about 10 to 30
minutes.

2. A method according to claim 1 in which said com-
pound is gallium arsenide.

3. A method according to claim 1 in which the single

crystal is grown in a horizontal Bridgman type furnace.
* Ed * * *
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