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Metal-semiconductor multilayers and superlattices containing magnetic semiconductors
are extensively studied within the last years because of their potential application in
electronics. They attract a lot of attention and are a topic of several investigations, related
mainly to the problem of the exchange coupling between magnetic layers. Details of such
coupling and various factors, which could influence its character or strength, are reported in
numerous papers. Apart from the standard magnetic measurements (like, e.g., the magneto-
metry with use of the Kerr effect or of a SQUID) one can investigate several magnetic
properties of systems under consideration by means of the neutron scattering techniques. Both
the elastic neutron scattering (diffraction) and the spin-polarized neutron reflectometry are
able to provide a valuable information about these properties. A few examples of recent
experimental data obtained with use of this technique are shown in this paper.

Fe/Si is one of the best known today metal-semiconductor multilayer system. The neutron
reflectometry spectrum can give us a direct evidence of possible antiferromagnetic exchange
coupling (as an example, see Fig.1 taken from [1]). In particular, an influence of the interfacial
Fe silicide phase on the magnetic properties of the multilayers mentioned above is of great
interest. Recently, Fe/Si and Co/Si multilayers deposited by d.c. magnetron sputtering at room
temperature onto oxidized Si wafers were studied by the magnetization measurements. The
different magnetic behavior of both systems has been observed and analyzed in [2]. The strong
antiferromagnetic exchange coupling well seen on selected Fe/Si multilayers did not appear on
Co/Si multilayers with the same thickness of the non-magnetic spacer. The basic conclusions
presented in this paper were recently confirmed by the neutron reflectometry data. The lack of
a significant antiferromagnetic exchange coupling in the case of Co/Si multilayers was
directly demonstrated by this technique.

GaMnAs is a new, attractive semimagnetic semiconductor, which is a ferromagnetic mate-
rial at low temperatures. It is believed that GaMnAs and similar semiconducting compounds
will play an important role in the development of electronics taking advantage of the electron
spin (spintronics). According to former literature data a layer of GaMnAs mixed crystal
thinner than about 5 nm did not exhibit the magnetic properties. A few years ago, an informa-
tion about the magnetic exchange coupling between such layers separated by a non-magnetic
spacer (like GaAs) was very limited.

The neutron diffraction studies with use of three-axis diffractometers and both thermal and
cold neutron sources of the Orphée reactor of the Laboratoire Léon Brillouin (LLB) at Saclay,
France, have been performed on GaMnAs-based thin layers and structures. The evidence of
the low temperature ferromagnetic character and the exchange ferromagnetic coupling for the
short-period GaMnAs/GaAs superlattices was shown [3]. The results of the neutron diffraction
experiments were confirmed by the data obtained with use of the spin-polarized neutron



reflectometry (Fig. 2). No trace of the antiferromagnetic exchange coupling was found for all
samples.

The improvement of the neutron scattering technique, especially related to the use of
focusing devices on three-axis spectrometers has strongly extended the possibility of inelastic
scattering measurements. The samples of mm® size may now be investigated in favorable
cases, which opens a possibility of magnetic excitations (magnons) studies on MBE-grown
thin layers and superlattices containing magnetic semiconductors.
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Fig. 1. Room-temperature neutron reflectivity curves taken for (2.5 nm Fe/1.0 nm Si),, multilayer as a
function of the momentum transfer. Spectra were taken for three different combinations of spin
polarization (up-up, down-down, spin-flip). No magnetic contrast is seen on the FM peak and the
coupling is purely antiferromagnetic.
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Fig. 2. Polarized non-spin-flip neutron reflectivity spectra taken for (GaMnAs);¢/(GaAs)s superlattice at
T =4.2 K. The observed structure evidences the ferromagnetic interlayer coupling.



Recent developments of the experimental technique at the Orphée reactor with a beam tube
redesigned to optimize the thermal beam flux available on 2T three-axis spectrometer, offered
the possibility to measure the spin-wave spectrum of AF-III MnTe. The results of these
experiments are presented in [4]. This has been used as a preamble to a series of
measurements performed on superlattices (MnTe),,/(ZnTe), obtained by the stacking of m
MnTe monolayers spaced by » non-magnetic ZnTe monolayers (distance corresponding to one
monolayer is about 0.31 nm). In these quantum structures, the MnTe layers still undergo a
transition towards the AF-III structure. Surprisingly, a long-range coherency between MnTe
layers with rather thick ZnTe layers (up to 10 monolayers) has been observed [5]. In our case,
it was possible not only to study this coherency in detail but also to observe the magnon
propagation along the growth direction of the superlattice [6]. Moreover, new interesting
possibility appears when ZnTe layers are still thicker. As the magnetic MnTe layers are no
longer correlated in this case, a magnon “standing modes” due to the effect of quantum
confinement are expected. Very recently such phenomenon has been observed for the first
time on (MnTe),/(ZnTe);s superlattice [6].

In summary, one could state that the neutron scattering techniques are powerful methods of
studying thin layers and quantum structures containing modern magnetic materials. The con-
tinuous progress, both in the technology of such materials and in the measurements, took place
during the last ten years. Due to this, we can now complete the data obtained by other
experimental techniques (e.g., by means of SQUID magnetometer or the Kerr effect). We can
also have an access to scientific fields untouched so far with other experimental methods.
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