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SUMMARY

The study of "Crystal Growth in the Presence of Gravitational Forces"

S resulted in a total of eighteen scientific publications which contributed i
significantly to the advancement of our experimental and theoretical under-
standing of gravitational effects on crystal growth and dopant segregation.
Moreover, this research program served directly and indirectly as a compre-
hensive ground-based study to optimize crystal growth experiments conducted

in space. Thus, the design of the semiconductor growth experiments M-562
(Skylab III-IV) and MA-06" (ASTP)} leaned heavily on the results of this inves-
tigation as did major portions of the theoretical interpretation of thzse
experiments. For the convenience of the reader, copies of six pertinent publi-
cations resulting from this program are attached. (See 1ist of publications

on pages 3 and 4.)

PROGRESS REPQRT COVERING THE PERIOD
NOVEMBER 30, 1977 - AUGUST 31, 1978
(comprising three no-cost contract extensions)

During the analysis of the growth experiments conducted in space, as yet
unexplainec. ridge formations on the resolidified semiconductor crystals were
observed. In virw of the potential of tnis effect for zero-gravity processing
of systems requiring confinement and/or stabilization, it was decided to
investigate to the exter.t possible the surface tension behavior of doped and
undoped InSb melts. An investigation of the temperature and composition
dependence of InSb melts was moreover deemed desirable since several theoretical
studies implied and/or predicted the presence of significant surface tension

induced convective flows for unconfined InSb melts.
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During the indicated time period we conducted surfacé tension determin-
ations of InSb melts making use of the sessile-drop technique covering the
temperature range from 530 to £80°C. The surface tension of liquid InSb
(undoped) and its dependence on temperature was thus defermined making use of
the Kozakevitch-Urbain approach and it was found, through a linear.regression

of the data, that the temperature dependence of o is given by:
o =392 - (T-530) x (7x10°3) * 10 dyne/cm  5305T<880°C

The study showed that do/dT for intrinsic InSb is significantly less (by almost
one order of magnitude) than reported by Lazarev and Dashevskii (-0.007 + 0.018
dyne/cm/°C). It was also found that the addition of dopant elements at concen-

tration levels of 10]9

did not significantly effect either the absolute value
of o or its temperature dependence. Subjectiﬁg the ambient of the InSb melts
to partial oxygen pressures, which are equivalent to unintenticnai oxygen
contaminations in actual growth systems, did not change the o values to beyond
the error limits of the experimental technique.

On the bacis of the surface tension data vbtained, it must be concluded
that surface tension induced convective flow velocities in InSb under reduced
gravity conditions range from zero tc at most 1 cm/sec. Accordingly, no convec-
tive interference with dopant segregation can be expectied during growth in
space since the momentum bourdary layer (at the crystal melt interface) asso-
ciated with any Marangoni-type convective flows would, at the given growth rate,
be significantly larger than the predicted diffusion boundary layer thickness.

In view of the Tact that, contyvary to a thecretical study by S.V. Bourgeois

and L.W. Spradley, the experimental investigation of a Te-doped InSb crystal
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grown in space indicates steady-state segregation and thus the absence of any
convective interference due to Marangoni-type flows in the melt. The apparent
discrepancy between theory and the experiment must, on the basis of our inves-
tigation, be §ttributed to erroneous do/dT values used by Bourgeois and

Spradley.
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