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AIGaAs layers grown by molecular beam epitaxy on GaAs substrates
were investigated before and after high hydrostatic pressure (1.2 GPa) at
high temperature (770 K) treatment (HP-HT treatment). An influence of
HP-HT treatment on the properties of the AIGaAs/GaAs system was stud-
ied by lattice parameter measurements using the high resolution diffractome-
ter and by X-ray topography. Observed changes in the lattice parameter of
the AIGaAs layers after HP-HT treatment are related to the strain relax-
ation and explained by the creation of misfit dislocations and other extended
defects which are visible on the topographs.

PACS numbers: 81.40.-z, 65.70.+y

1. Introduction

It has been established that single crystals of Si, GaAs and GaP [1-3] con-
taining inhomogeneities in compressibility and thermal expansion Values (different
from those of the matrix) can change their defect stucture under high hydro-
static pressure (HP) at high temperature (HT). This. effect is due to the enhanced
strain at the precipitate/matrix boundary caused by HP. For the stress value
above the critical one additional defects can be created. The influence of HP on
the relaxation behaviour of strained layers has been investigated at HT for the
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Si1-xGex/Si system [4]. The influence of ΗΡ-HΤ treatment on the lattice parame-
ters of semiconductors can be important for the determination of lattice mismatch
in superlattices or heterostructures.

AlGaAs is the most frequently applied ternary semiconductor. Its direct
energy gap and good lattice match with GaAs substrate have made it an almost
perfect material for heterostucture and superlattice technologies for electronic
and optoelectronic applications.

2. Experimental

3 μm thick Al1-xGaxΑs layers (x = 0.27) grown by molecular beam epitaxy
(MBE) at temperature about 1000 K on the (001) oriented LEC-grown (liquid en-
capsulated Czochralski) GaAs substrates were subjbcted to HP (1.2 GPa) at HT
(770 K) during 1 h. X-ray measurements were carried out for the samples before
and after HP-HT treatment using high resolution diffractometry (MRD-Philips)
and synchrotron X-ray diffraction topography at D5 Optics beamline at the Eu-
ropean Synchrotron Radiation Facility (ESRF).

The lattice parameters perpendicular and parallel to the sample interfaces
were measured by the Bond method in the temperature range of 293-673 K. In
order to further investigate the structural properties of the layers, reciprocal space
maps were made using symmetrical 004 and asymmetrical 444, 115 and 335 re-
flections. If the lattice planes of the epilayer are not tilted with respect to those of
the substrate, the reciprocal space maps of the asymmetrical reflections give direct
information about the strain state of the layer [5].

3. Results

The lattice parameters parallel to the interface, α||, for all investigated layers
were found to be equal to the lattice parameters of the substrates over the whole
used temperature range. This means that the layers are strained. The same result
was deduced from the reciprocal space maps of the symmetrical 004 (Fig. 1a)
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and the asymmetrical 115 (Fig. 1b) reflections. Because no tilt was found when
mapped the reciprocal space of the symmetrical 004 reflection, the asymmetrical
115 reciprocal space map gives direct information about the strain state of the
epilayer.

The result that the layer is strained is rather unexpected because for the
HΡ-ΗΤ treated sample the misfit dislocation lines (parallel to the [011] direc-
tion) were observed in the X-ray topographs (Fig. 2b). Figure 2b shows also
many other defects created during or after HP-HT treatment. Topographs of
as-grown samples show no misfit dislocations (Fig. 2a). Only a cellular stuc-
ture of dislocations, which is typical of LEC-grown GaAs substrates, is visible in
the topographs. Lattice parameter perpendicular to the interface, αl, is higher for

HΡ-HT than that for the as-grown samples in the whole temperature range (Fig. 3).
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This difference (5.4 x 10 -4 Å) is practically independent on the temperature, and
therefore the thermal expansion coefficients (α ┴) for as-grown and HP-HT treated
samples are constant and equal to (4.21 ± 0.02) x 10 -6 Κ-1 . Rocking curves of
as-grown and HP-HT treated samples are shown in Fig. 4. Small broadening (about
2 arcsec) of rocking curve full width of half maximum (FWHM) for the substrate
and the layer after HP-HT treatment was found for symmetrical and asymmetrical
reflections. Also the additional oscillations are visible but only on the large angle
side. One of these oscillations is visible also on the 004 reciprocal space map as an
additional point (see Fig. 1a).

4. Discussion .

The investigated as-grown AlGaAs layers were under compressive strain.
It results from the different lattice parameters for the AlGaAs layer and GaAs
substrate. During the layer deposition as well as after cooling the sample, the layer
and the substrate were matched (lack of misfit dislocations at the interface) but,
because of the lattice parameters difference, the layer was squeezed. After HP-HT
processing the layer remained in the compressed state but from the observation
that αi(0) < α┴(HP-HT) and = αp(HP-HT) it follows that the unit cell volume
and strain after HP-HT processing are higher than those before. On the other hand,
there are misfit dislocations on the X-ray topographs of the processed samples.
This means that at the HP-HT conditions the strain at the interface was high
enough to cause partial or full relaxation of the layer. A possible explanation for
the creation of misfit dislocations at temperature Τ < Tlayer growth is the following:
it is assumed that at the HP-HT conditions the layer is fully relaxed through the
creation of the misfit dislocations and that strain, ε, at such conditions would be .
equal to 0. During the cooling, the layer stays "matched" to the substrate but
the created dislocations remain. At HΡ-ΗΤ conditions the strains (εΗP-ΗΤ) at the
interface between thin layer and substrate can be described [6] by the formula:

εΗP-ΗT = ΔΤ(αL - αS) + (Ρ/3)(1/ΒS - 1/ΒL) ,

where αS and αL are thermal expansion coefficients for the substrate and the layer,
and the ΒS, BL are the bulk moduli for the substrate and the layer, respectively.
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According to the model of the process described by the above formula, at the
applied HP-HT conditions the strain should be lower than that during the growth
of the layer (because BS > BL and αS > αL ).

Therefore the creation of dislocations of temperature below that of the layer
growth can be explained as follows: at HP-HT conditions the critical strain for some
HP value dependence on temperature is shifted to lower strain values. It means
that when Τ rises, the critical strain for the dislocation generation is reached below
the layer growth temperature and dislocations are created.

As it is seen in the topographs, HP-HT processed sample contains a high
concentration of defects, probably inclusions or precipitates. It is known that HP
applied to such a system can result in creation of additional defects leading to the
rise of the lattice parameter [1, 3]. It seems that just this phenomenon (creation of
additional defects) is responsible for the higher al value and unit cell volume in
the AlGaAs layer and so for the higher compressive strain in the HP-HT processed

AlGaAs/GaAs system.
A possible explanation for the observed additional oscillations in the 004

rocking curve of HP-HT treated samples is gradient of lattice constant induced,
for example, the enhanced diffusion of Al atoms from the surface to the interface
leading to the non-uniform Al concentration in the layer. Similar observation has
been reported in [4].

5. Summary

It was shown that HP-HT treatment of AlGaAs/GaAs heterostuctures causes
the creation of misfit dislocations and increases the relaxed lattice parameter of
the layer.
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