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Catalytically enhanced growth of ZnMnTe diluted magnetic semiconductor nanowires by molecular beam epitaxy is reported. The growth is
based on the vapor–liquid–solid mechanism and was performed on (001) and
(011)-oriented GaAs substrates from elemental sources. X-ray diffractometry, scanning and transmission electron microscopy, atomic force microscopy,
photoluminescence spectroscopy, and Raman scattering were performed to
determine the structure of nanowires, their chemical composition, and morphology. These studies revealed that the obtained ZnMnTe nanowires possess zinc-blende structure, have an average diameter of about 30 nm, typical
length between 1 and 2 µm and that Mn2+ ions were incorporated into substitutional sites of the ZnTe crystal lattice.
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1. Introduction

The studies of semiconductor nanowires (NWs) have been recently intensified due to the hope of using these 1D structures as “building blocks” for nanoscale
electronic and photonic devices. A broad range of semiconductor nanowires, also
including binary II–VI group materials, have been grown using chemical vapor
deposition, thermal evaporation, solvothermal synthesis, and molecular beam epitaxy (MBE) based on the gold-catalyzed vapor–liquid–solid (VLS) mechanism [1].
However, a synthesis of only a few ternary compound semiconductor NWs, such
as ZnCdSe [2], CdMnS [3–7], and ZnMnS [7–10] has been reported so far.
In the present work we report on the first successful growth and properties
of ZnMnTe NWs. These ZnMnTe NWs are potentially attractive for spintronic
nanodevice applications because the heavily p-type doped ZnTe crystals alloyed
with MnTe exhibit at low temperature the paramagnetic-to-ferromagnetic phase
transition [11].
2. Experiments
ZnMnTe NWs were grown in an EPI 620 MBE system equipped with low
temperature effusion cells and reflection high energy electron diffraction (RHEED).
The growth process based on the Au-catalyzed vapor–liquid–solid mechanism was
performed simultaneously on (001) and (011)-oriented GaAs substrates. The optimum growth temperature of the ZnMnTe NWs was found to be in the range of
420–500◦ C. NWs with an average diameter of about 30 nm and a typical length
from 1 to 2 µm were grown by this method.

Fig. 1. FE-SEM image of ZnMnTe nanowires grown on a (100)-oriented GaAs substrate
viewed at an angle of 45◦ to the substrate normal direction.
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After the growth several images have been taken with the use of a field-emission scanning electron microscope (FE-SEM Leo 540). FE-SEM image of
typical ZnMnTe NWs grown on (001)-oriented GaAs substrate is shown in Fig. 1.
The structural characterization of NWs was performed by means of X-ray diffraction (XRD), using the characteristic radiation of Fe: Kα (λ = 1.9373 Å) and Kβ
(1.75661 Å). The samples were examined also by atomic force microscopy (AFM
— Nanoscope III MultiProbe (DI)) and high resolution transmission electron microscopy (HRTEM — JOEL JEM 2000EX). The studies of optical properties of
ZnMnTe NWs were done by the Raman scattering and photoluminescence (PL)
measurements. All Raman scattering measurements were performed in a quasibackscattering geometry using a Jobin-Yvon U1000 spectrometer equipped with
holographic gratings, a S20 photomultiplier, and a photon counting system.
3. Results and discussion
The XRD measurements allowed us to determine the chemical composition
of studied ZnMnTe NWs based on the change of lattice parameter. This determination is quite accurate since in the case of NWs the influence of substrate
induced strain on lattice parameter of ZnMnTe is insignificant. This is because in
the NW geometry the efficient strain relaxation due to the proximity to the open
side surface takes place, as was previously observed for InP/InAs system [12].
Concentrations of Mn in the range from 12 to 30% were found for samples grown
with different Mn fluxes. Analysis of diffraction patterns also shows that crystallographic orientation of the substrate imposes the orientation of the nanowires. In
Fig. 2 an example of diffraction pattern obtained for the sample of the highest Mn
concentration is presented. One can see there the strong 002 and 004 reflections

Fig. 2. Typical XRD pattern of as-grown ZnMnTe nanowires on GaAs (100) substrate.
The Mn concentration for this sample was determined to be around 30%.
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from ZnMnTe NWs that were obtained by adjusting sample orientation so as to
maximize analogous reflections from the GaAs substrate. This indicates that the
(001) lattice planes in nanowires are parallel to the (001) lattice planes of the
substrate.
Figure 3 presents typical Raman spectra collected from ZnTe and ZnMnTe
NWs samples within the frequency range from 190 to 225 cm−1 and containing
features related to the ZnTe longitudinal optical (LO)-phonon (205 cm−1 ) and the
ZnMnTe LO-phonon (212 cm−1 ), respectively. The frequencies of LO-phonons and
the width of the Raman lines correspond well to the values typical of high-quality
ZnTe and ZnMnTe bulk single crystals or epilayers. These two spectra (Fig. 3)
are optical proof of the high structural quality of the NWs and confirmation of
the fact that Mn2+ ions are situated at a tetrahedral lattice site, and hence that
mixed crystal diluted magnetic semiconductors (DMS) nanowires were formed.

Fig. 3. Raman scattering spectra of ZnTe NWs deposited onto Si wafer (dashed line)
and of as-grown ZnMnTe/GaAs(100) NWs (solid line) samples. Data were taken at a
temperature of 15 K with the use of the Ar+ laser excitation line λ = 514.5 nm and
with the laser power of 50 mW.

PL spectra of either as-grown NWs on GaAs substrate or of NWs extracted
from the substrate and deposited onto Si wafer were measured. The AFM image
of ZnMnTe NWs resting on Si wafer is presented in Fig. 4a. TEM investigations
(Fig. 4b) confirm the structural perfection of ZnMnTe NWs. In particular, we do
not observe the stacking faults characteristic of ZnTe NWs [1]. However, most of
the NWs were bent, which suggests the presence of the surface or internal stress.
The PL spectra of such samples show a peak centered at an energy of about
2 eV which is characteristic of intra-atomic transition of Mn2+ ion located at a
substitutional Zn site of ZnTe crystal. The photoluminescence studies of ZnMnTe
NWs will be discussed in detail in a separate paper.
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Fig. 4. (a) AFM image of ZnMnTe NWs removed from GaAs substrate and deposited
onto Si wafer, (b) TEM image of the top part of single ZnMnTe NW with the Au particle
visible at the tip.

4. Conclusions
In summary, we have reported MBE growth of high quality ZnMnTe
nanowires with manganese concentration between 12 and 30%. Investigations
of these NWs indicate that Mn2+ atoms are introduced into substitutional sites
of the ZnTe matrix. The growth of nanowires containing a large concentration
of Mn from a semiconductor that can be also heavily p-type doped opens new
perspectives for applications in nanospintronics.
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