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GENERAL ~ E L E C T R I C

Section 1

ABSTRACT

The objective of this program is to study the effect of liquid-solid interface
curvature on crystal quality. In particular , it is to be determined whether a solid-convex curvature growth condition yields a defect density that is a decreasing functionof the length of the GaAs crystal grown.

A vertical zone melting technique was adopted. The furnace was designed to
provide a short -dipole-like heat flow that yields curved equitemperature contours. Thegrowth rate was controlled with a specially designed vertical furnace movement thatminimizes sample vibrations.

The results indicate that the temper&ture profile required for a solid-convex
growth condition is difficult to achieve due to thermal conductivity inhomogeneities
associated with different positions of the GaAs sample. The cause of the resultingadverse (solid—concave) contour was shown to be the region of inhomogeneous thermal
conductivity in the vicinity of the melting-point equitemperature contour duringpassage of the sample tip through the contour. Two means to alleviate the problem
have been proposed and constitute the bulk of a second year’s effort.
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Section 2

OBJECTIVES A N D  A C C O M P L I S H M E N T S

The general objective of this program is to study the effect of liquid-solid
interface curvature on GaAs crystal quality. It is believed that a solid—convex
curvature growth condition will yield high quality, single—crystal GaAs; the defect
density should be a decreasing function of the length of the grown crystal.

A short-dipole-like heat flow condition, as shown in Figure 1, provides tempera-
ture contours of various types; a desirable contour curvature can be selected for study
by simply adjusting the furnace power such that the desired contour is at the melting
temperature.
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Figure 1.
“Short-dipole” Thermal Con-
figuration. If melting point is
at isothermal line (a), interface
is solid-convex , at (b) solid-
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THERMAL FLUX LINE
ISOTHERMAL LINE
(THERMAL CONTOUR )

The proposed experimental program consisted of the following steps:
1. Design and construction of a vertical movement to support the existing,

calibrated furnace so that the growth rate can be selected and controlled.
2. Design and construction of a sample holder to monitor and minimize

vibrations.
3. Recalibration of the temperature profile (cylindrical coordinates r, z).
4. Regrowth runs using polycrystalline GaAs in a sealed evacuated quartz

tube tapered to a point at the lower end (to provide an arbitrarily oriented
seed) under various temperature and growth speed conditions.

5. Evaluation of the crystal quality by x-rays and etch-pit density counting.
6. Establishment of the best growth conditions and production of high-quality

GaAs crystals.
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Step 1 of the experimental program was successfully co m pleted. The calibrated
movement provides a constant speed of from 0.35 mm/h to 32 mm/h over a vertical
distance of 12 inches with vertical “play” lim ited to less than 20 rnils (Figure 2).
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Figure 2. Schematic Diagram of Crystal
Growth Apparatus and Sample
Holder

Step 2 was also success fully completed. A series of experiments resulted in the
choice of a simple air-cushion, three-leg, shock mounting. A v ibration monitor capable
of recording the logarithmic amplitude of sample vibrations at frequencies from 0 to
100 kl-lz was built. The mechanical vibrations of the sample holder were reduced by
shock mount ing to a level limited by noises in the air.

In Step 3, exper iments were performed and the temperature profile of the
furnace was established.

Step 4 consisted of a number of experiments. Crystal regrowth was carried out
twice according to the originally proposed scheme. Poor results were obtained from the
first run due to a less than optimal cold-zone temperature used to regulate the As
pressure. The second run resulted in an explos ion during the hot-zone’s dow nward
movement. The short liquid zone was followed by a solidfying GaAs plug that closed off
the equilibrium transport of ~.s to the cold zone and resulted in a high-pressure build-up
in the melt.

The furnace vertical temperature profile was then m odified to insure that the
fla~\s initially be liquid over the entire sample length. The temperature contour
curvature at the lower end of the furnace was found to be less than that at the
corresponding position with the short-dipole-like configuration, but st ill appreciable.
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The third and fourth regrowth runs were made with the new furnace profile.
Vertical variations existed in the resulting ingot, wh ich were visible as bands of various
shades of silver and grey (Figure 3). The silvery coating starting at the tip was
identified as excess As precipitating out during crystallization. This indicated that the
temperature of the melt was not constant despite temperature control to better than
± 0.5 C at the thermocouple position.

I l i  I } 
RAPIDLY COOLED SECT I ON

SHINY SURFACE

~HCLOUDY SURFACE Figure 3.
Sketch of GaAs Ingot Ob~ i~ed
from Run 3 (total krmgth
7 inches) Showing Bands of Dif-

SHINY SURFACE ferent Surface Morphologies

1
\ ~~ / METALLIC WHITE, MATTED

\ / r AND PATCHY SURFACE

The thermocouple had been located at a position where the melting temperature
contour was expected , thus control could be exerted at the crystallizing interface.
However , this position allows the melt’s temperature to have a wide range , depending on
the temperature gradients across the melting—point equitemperature surface. These
temperature gradients, in turn, depend on thermal conductivity nonuniformities. During
the period before , during, and after the sample tip is in the controlled zone, the
controlled zone is comprised of air , air plus the sample cone , and the sample rod,
respectively. Thus, the temperature above the controlled zone can vary widely during
the growth procedure.

An additional control zone has now been incorporated in the new furnace. Other
refinements also have been incorporated. For example , it was found that seasonal
temperature variations also affect the furnace temperature with a positive feedback
enhancing the variation. The room temperature is now being carefully regulated.

The thermal conductivity nonuniformities not only affect the z-direction thermal
profile discussed above but also produce adverse profile curvature. This is illustrated in
Figure 4. Here a uniform one—dimensional heat flow is shown perturbed by the presence
of the higher conductivity sample tip. The flat temperature profile in air at the
interface temperature , T., becomes solid-concave in the conical section of the samnple.
Because the thermal conbuctivity disparity between GaAs and air is appreciable, the
solid—convex type of temperature contour originally present in the air-core furnace can
be overcome by the presence of the sample cone , and a solid-concave -type contour

4



r - - - - -

~~~~~

- -

~~~~~

- - —

~~~~~

G E N E R A L  ~~~ E L E C T R I C

a)  — — - - - -

: - F ig ure  4
- Ef fect of Sample ‘lip om m Iso—

— — ~~
- thermal Profile. In a) and b),

isothermal prof i le is flat and
normal to the heat flow. In c),

L~~ 1 C ~~~~ S0 L ‘[1 T~ sample tip would cause the pro—
: file to be solid-concave

results. It is believed that this occurs in the present growth system and prevents us
from producing the desired solid-convex profile.

Correct ive action involving 1) a secondary seeding step after the shoulder portion
of the samnple has passed through the T. contour (Figure 5) and 2) the addition of a
supplementary mater ial below (but in intir~ate contact with) the conical sect ion in order
to minimize thermal conductivity disparities constitute the bulk of the work for the
second year. A new technique for determining the temperature contour in the solid rod
will also be incorporated. It is believed that the solid-convex type of contour can be
established and the original study objective fulfilled.
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Step 5 of the originally proposed exper imnental program wa~ ‘~rried out to the
limited extent required with the sam ples available. X-ray diffraction measurements
were m ade to check the size of the cr ystals in the polycrysta lli ri -

~~~~~~ ‘ ~row t h  ingot of
run 3 and showed that the ingot consists of a few large single crystals. The
polycrystallinity of the regrown ingot is attr ibuted to m ultiple seedings ~IIusPd t )v the
imnproper T. contour. Etch—p it counting has not been carried out; the e r v ’~tals obtained
so far have ’been obviously poor. •\uger electron analys is was perfor mned to identif y the
sur face layer ’s composit ion in the various “bands” mentioned earlier.

At the end of the first year , the furnace was rewound with new all Pt windings.
They replaced the burned-out section of the furnace originally designed to be the lower
temperature portion in the short-dipole-like heat-flow configuration but later used at
higher temperatures. A rig was designed and constructed to measure the temperature
pr.’ file curvature in solids. Another rig was designed and constructed to measure the
thermal conductivity of various composites that are potential supplementary materials
for use in mn inimnizing the thermal conductivity nonuniformnities. Thus , we are ready to
carry out the second year’s program.
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