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Report:

A lateral composition modulation (LCM) in short period semiconductor superlattices (SPS has generated
considerable interest because of its potential applications in high efficiency lasers, polarized light emitters and
detedors, and high efficiency solar cdls. The exad origin of this composition modulation in these semi-
conductor aloy films is currently a subjed of considerable investigation [1]. It has been shown recently that
the LCM can be manipulated by growing SPS containing two nealy strain balanced sublayers only a couple
of monolayers (ML) in thickness such as (InAs)/(AlAS), on InP (001) (n and m denote the number of
monolayers in the superlattice period).

Much effort has been made to charaderize these LCM structures in a qualitative or semiquantitative way by
both transmisson eledron microscopy (TEM), atomic force microscopy (AFM) and x-ray diffradion. Since
the total thickness of the SPSis far below 1 um, a surfacesensitive x-ray scatering technique (grazang-
incidence x-ray diffradion — GID) can yield much better experimental data that the cnventional coplanar
scatering arrangement. In our previous gudes [2] we have used coplanar diffradion and GID for the
structure analysis of the LCM in a (InAs)./(AlAs), on InP(001) with various values of the surfacemiscut.

The analysis of the measured data was based on the distorted-wave Born approximation (DWBA). The
measured distribution of the scatered intensity in redproca space depends both on the modulation of the
chemica composition of the superlattice period (due to the periodic modulation of the thicknesses of the
individual layers), and on the strain modulation caused by the lattice mismatch between both constituents.
Since we have measured the intensity distribution around the zero-order verticd intensity satellite, the verticd
superlattice structure played no role in the measured data and the experimental intensity distribution in
reaproca space ould be smulated using a smple model of a verticdly homogeneous layer with a lateral
modulation of its chemica composition. This lateral modulation caused a laterallymodulated lattice mismatch
and consequently a laterally modulated deformation field. However, the scatered intensty was influenced not
only by this elastic field but also by a lateral modulation of the chemicd composition itself (i.e. by the lateral
modulation of the scattering fador). Therefore, the analysis of the measured data was not straightforward and
it suffered from several ad-hoc assumptions concerning the dasticity properties of the investigated SPS



In order to overcome this difficulty, in the experiment Si-763 we have performed the aomalous x-ray
diffradion from the InAS/AIAs SPSin the GID geometry, using the wavelength of about 3.36 A. In this
wavelength, the structure fadors of unstrained InAs and AlAs are same, as own in figure 1.
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Figure 1. The wavelength dependence of the square of the polarizability
X of InAs and AlAs for diffraction 200 The intensity of diffraction is
proportional to [x|°. Both polarizébiliti es are eual for the wavelength
denoted by the arrow.
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Sincethe lateral modulation in our samples was along [100], we have performed GID measurements in the in-
plane diffracions 200 and 02Q The scatereded intensity was measured by a position-sensitive detedor (PD)
perpendicular to the sample surface From a series of the PSD spedra taken for various in-plane scatering
angles we ongtructed the radial Q,Q; intensity map paralel to the diffradion vedor, from the PD spedra
taken for constant in-plane scatering angle and various azmuthal angle of the primary beam we obtain the

angular Q.Q, map perpendicular to the diffradion vedor.
The radial map in 200and the angular map in 020 dffradions exhibited lateral intesity sat
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Figure 2. The GID radial (left) and angular (right) maps of alaterally modulated SPS measured at A = 3.36 A.

lateral modulation. The envelope airve of these maxima is asymmetric due to the strain distribution and shifted
also in verticd diredion due to the miscut. In the angular map, only the +1% |ateral maxima can be seen. In this
arrangement, the diffradion vedor is perpendicular to the modulation diredion, thus the scdar product h.u(r)
of the diffradion vedor with the displacement field is identicdly zero. The presence of the latera satellitesin
this map can be caused either by a wea chemicd contrast, if the polarizabilities of InAs and AlAs are not
exadly the same, or by the dastic anisotropy causing a non-zero elastic deformation aso in the diredion
perpendicular to the LCM diredion.

From these two maps, the strain field dstribution in the SPSwill be recmnstructed and, in combination with
previous measurements a A = 1.54 A, the modulation of the demicad composition will be determined
independently. The results will contribute to the analysis of posshle medanism the generation of spontaneous

lateral modulation in short period superlattices.
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