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According to the phase diagram, compound semiconductor materials as e. g. GaAs and CdTe tend to
have a nonstoichiometric composition. The excess of one of the elemental constituents in the crystal is
present either as native precipitates or as anti-site and interstitial point defects. They influence in particular
the electrical properties of the semiconductor substrate and the devices fabricated on it. The shape, size
distribution and number density of native precipitates are determined by time and temperature of the thermal
treatment and by the excess concentration of the elemental constituents being available for precipitation. The
arsenic excess concentration in standard melt-grown GaAs single crystals (growth temperature at 1246 °C)
determined by Transmission Electron Microscopy (TEM) [1], Laser Scattering Tomography or Coulometric
Titration [2] varies in a range between 1015 and 1019 at cm-3.

On the other hand, in GaAs layers epitaxially grown at low temperatures between 200 and 450 °C (LT-
GaAs) the arsenic excess has been determined to 1020 at cm-3 or more [3,4]. This excess is initially solved as
point defects in the matrix. Therefore, thin layers produced either by Molecular Beam Epitaxy (MBE) or by
ion implantation are under discussion for optoelectronic applications. But subsequent annealing or other
thermal procedures cause to precipitation. According to the law of Oswald́  ripening, the average size of
precipitate increases and the number density decreases with increasing annealing temperature provided the
excess stays constant [5].

The Small Angle Scattering of X-rays and Neutrons (SAXS and SANS, respectively) is a technique
well-established in material science to investigate inhomogeneities in a size range about between 1 and 103

nm. SANS has been proved to study successfully the oxygen precipitation in melt-grown silicon crystals
(see [6] and ref.). However, it is known from former SAXS and SANS studies on melt-grown GaAs [7,8],
that the the observation of arsenic precipitates is very difficult. The reason for it follows from Tab. 1. These
lower limits for SAXS and SANS have been estimated by use of the criterion of Porai-Koshits [9] and
previous experimental data [6], respectively (for more details see [10]).

Matrix Precipitate ξp / 1022 cm-3 Ncrit (SAXS) / cm-3 Ncrit (SANS) / cm-3

GaAs     As         4.60       5 × 1017       5 × 1019

    C       11.33       2 × 1016       2 × 1015

    FeAs         7.21       2 × 1016       9 × 1015

InP     P         3.54       2 × 1018       8 × 1021

    C       11.33       3 × 1016       1 × 1015

    FeP2         7.84       2 × 1017       6 × 1015

Si     SiO2         7.22       3 × 1018       2 × 1016

Table 1: Minimum concentration of atoms Ncrit necessary for observation as precipitates by SAS
experiments in different semiconductor materials (ξp is the atomic density of precipitate)

Consequently, extremely nonstoichiometric materials as LT- GaAs should show much higher SAS
effects in comparison with crystals grown under equilibrium conditions. However, up to now the maximum
thickness of layers of sufficient quality grown by MBE on melt- grown GaAs substrates amounts to about 1



µm. Therefore, the total excess in the volume consisting of layer and thinned substrate (50 µm) caught by
the X-ray beam is one to two orders of magnitude higher only than that in a pure substrate sample.
Figure 1 shows the SAXS curves of LT- GaAs layers grown at 200 °C and then annealed at four different
temperatures. The SAXS experiments have been carried out at the Hasylab beamline B1 (JUSIFA) [11]. The
scattering intensity increases clearly with increasing annealing temperature. That indicates that either the
number or the size of the scattering particles have been significantly increased. The shape of curves does not
change drastically. The Guinier´analysis has given an average particle diameter of about 11 nm for the
sample annealed at 750 °C. On the other hand, the corresponding TEM data show a shift of the maximum of
size distribution from 9.5 nm (Tann = 600 °C) to 21 nm (Tann = 750 °C) in conjunction with a decrease of
number. The SAXS experiments have been carried out at different energies close to the Ga absorption edge
(10.367 keV) in order to vary the contrast between GaAs matrix and arsenic precipitates. The corresponding
weak variation of contrast has been observed in the range between 0.02 and 0.04 Å-1.

Figure 1: Small angle scattering of MBE grown GaAs epilayers annealed at different temperatures Tann
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