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0000 OO0 Analternative to Czochralski is that of vertical gra-dient freeze.For reproducible growth of
large-diameter crystals by this technique,it was found necessary to use B203 in a PBN crucible.Freezing is
accomplished by moving the temperature gradient via furnace controller changes,rather than movement of the
furnace itself. This naturally produces low temperature gradients,which give low dislocation densities,and it
produces a crys-tal of the right size and shape for subsequent slicing and processing.Rudolph [12.66] reports that in
1999 LEC growth of GaAs accounted for= 90% of all SI GaAs,with the remaining 10% produced via vertical
Bridg-man or VGF growth.By 2000,he puts the figuresat= 50% LEC and= 50% VGF.Rudolph also notes that
VGF has been reported to grow material up to 150mm in diameter. Indium and Gallium PhosphidesAs for
GaAs,high-pressure LEC growth is normally used for both InP and GaP [12.44].The problems in-volved are
analogous to those for GaAs growth,with the major addition of an increased tendency for twin-ning.Loss of
phosphorus (P4) is still a problem and leads to a deterioration in crystal quality.Dislocation densities are still seen to
be high.Asahi et al.[12.67]report that some of these problems have been allevi-ated by modifications to the basic
LEC process,such as thermal-baffled LEC,phosphorus vapor pressure con-trolled LEC,and vapor pressure
controlled Czochralski (VCZ).Dislocations tend to increase with crystal diam-eter,although crystals up to 200mm
in size with low dislocation densities have been grown recently by VCZ.Lower dislocation densities are produced
by the VGF method at a given crystal diameter.High-pressure VGF growth of InP is difficult and temperature
fluctuations cause twinning.By improving the temperature control (to within 4-0.03-C) Asahi et al.
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