Raman analysis of Zn, ,Mn,Te polycrystalline films
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ABSTRACT

In this paper, we have investigated some structural properties, Raman spectra of Zn; ,Mn,Te films deposited by the
closed space vacuum sublimation under different growth conditions. The obtained results of the Raman spectroscopy and
XRD analysis show single phase composition of the samples. The presence of phonon replicas in the Raman spectra of
the films indicates their high structural quality. The manganese content (about 7 %) in the layers was determined
according to shifting the relative peaks positions.
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1. INTRODUCTION

The semimagnetic semiconductor solid solutions are promising materials for the micro-, optoelectronics, photovoltaics
and spintronics due to their unique photoluminescent, magnetic and magneto-optical properties [1, 2]. However, the
properties of solid solutions Zn;_,Mn,Te thin films are not well studied because of difficulty in thin layers deposition.
The obtaining of the Zn; ,Mn,Te films with controllable Mn content and optimized characteristics is complicated by the
substantial difference in components’ pressures. Thus, typical methods for the Zn, Mn,Te films depositions are laser [3]
and flash evaporation [4], high frequency magnetron scattering [5], metal-organic deposition [6]. These methods are
characterized by the high non-equilibrium of the growth process. As a result the layers have low crystal quality which is
not suitable for application in photodetectors, hard radiation detectors and solar cells. In some cases, the manganese is
not incorporated into the crystal lattice which is lead to formation of Mn precipitates or MnTe secondary phase. It has
strong influence on films performance. Along with the X-ray diffractometry the Raman spectrometry is widely used for
the analysis of the chemical and phase composition of the material.

The goal of present work is to study Raman and photoluminescence spectra of the Zn;.\Mn,Te solid solutions thin films
with the different Mn concentration, obtained by the closed space vacuum sublimation under different growth conditions.
This method allows to obtain high-quality thin films under close to equilibrium conditions [7-8]. The results were
compared with the data obtained for the undoped ZnTe thin films.

2. EXPERIMENTAL

Thin films Zn, ,Mn,Te were prepared on cleaned glass substrates under growth pressure in the chamber no more than
5-10° Pa. The detailed description of the experimental setup for the CSVS technique is presented in [9-10]. The charge
of the semiconductor purity degree containing 10% Mn was evaporated. The evaporator temperature was 7, = 800 °C.
The substrate temperature was changed in the interval T, = (150-550) °C. The typical condensation time was about ¢ = 15
min.

TEM technique (REMMA-103-01) was used to investigate the morphology of the surfaces of the films. The arbitrary
grain size (D) in condensates was determined according to the Jeffries method. Structural characteristics were examined
by using films with the thickness /~ (2-4) pm, this value was determined from the photo-images of the cleavage surface
of the condensates.

The structural investigations of Zn, Mn,Te films were performed by the XRD unit DRON 4-07 in Ni-filtered K,
radiation of the copper anode in the angle range 26 from 10° to 80°, where 26 is the Bragg angle. The Bragg-Brentano
method was used to focus of the X-ray radiation. The experimental curves were normalized by the intensity of (111)
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2. The lattice parameter a of the Zn, ;Mn,Te films is changed from 0.60998 to 0.61043 nm and it is less than for
ZnTe films obtained at same growth conditions. It could be explained by the incorporation of the Mn atoms into Zn
sublattice

3. A number of intense lines at 176.5, 206, 416 and 621 cm™ were observed in the Raman spectra. These lines were
interpreted according to reference data as 1TO, 1LO, 2LO, and 3LO phonon modes. The presence of several orders of
phonon replicas in the spectra of solid solution films indicates their high structural quality.

4. According to the shift of the relative position of the peaks in Raman spectra of the Zn,_;Mn,Te comparatively to
the undoped ZnTe allow us to estimate Mn concentration in a samples (about 1-3 %).
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