Brazilian Journal of Physics

BRAZILIAN JOURMAL OF

> ISSN: 0103-9733
luizno.bjp@gmail.com
Sociedade Brasileira de Fisica
Brasil

Ueta, A.Y.; Rappl, P.H.O.; Closs, H.; Motisuke, P.; Abramof, E.; Anjos, V. R. dos; Chitta, V. A;;
Coaquira, J. A.; Oliveira, N. F.; Bauer, G.
MBE Growth and Characterization of Sn1-xEuxTe
Brazilian Journal of Physics, vol. 34, num. 2B, june, 2004, pp. 672-674
Sociedade Brasileira de Fisica
Sao Paulo, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=46434438

How to cite é} //._‘-

.
p .

Complete issue o .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org/articulo.oa?id=46434438
http://www.redalyc.org/comocitar.oa?id=46434438
http://www.redalyc.org/fasciculo.oa?id=464&numero=3789
http://www.redalyc.org/articulo.oa?id=46434438
http://www.redalyc.org/revista.oa?id=464
http://www.redalyc.org

672 Brazilian Journal of Physics, vol. 34, no. 2B, June, 2\

MBE Growth and Characterization of Sn;_,Eu,Te

A.Y. Uetd, P. H. O. Rapgl, H. Closs, P. Motisuké, E. Abramot, V. R. dos Anjos,
V. A. Chitta?, J. A. Coaquird, N. F. Oliveira J&, and G. Bauer

! Laborabrio Associado de Sensores e Materiais, Instituto Nacional de Pesquisas Espaciais,
Caixa Postal 515, 12245-97@8 Jog dos Campos,&® Paulo, Brazil
2 Epcar-Escola Prepardtria de Cadetes do Ar, Barbacena, MG, Brazil
3 Instituto de Fsica, Universidade deZ® Paulo, CP. 66318, 05315-97@&&Paulo, SP, Brazil.
4 Institut fur Halbleiterphysik, Universiit Linz, A-4040 Linz, Austria

Received on 31 March, 2003

Epilayers of Sp_.Eu,Te (0 < z < 0.03) were grown by molecular beam epitaxy on freshly cleaved
BaR(111) substrates and their structural, electrical and optical properties were investigated. The thicknesses
of epilayers were about 1/m and deposition was carried out at growth temperatures o @0 he struc-

tural properties were investigated by high resolution X-ray diffraction and a sharp film degradation could be
observed with increasing europium content. Electrical measurements with temperature varying from 300 to
10K indicated that the epilayers present carrier concentration ranging beBuea)?° and6 x 102°cm=3

and a low resistivity fron6.3 x 107°to 1.2 x 10~*  Q.cm. From optical measurements it could be seen that
spectra present a low energy edge corresponding to the beginning of intra band excitations and the high energy
edge due to inter band excitations.

1 Introduction Table 1. General properties of SnTe and EuTe
IV-VI semimagnetic semicondutor compounds have been SnTe EuTe
investigated by several groups in the last decades. The in-"Crystalline structure  FCC FCC
corporation of Eu, for instance in the lead salts has demon-"_ggice constantk) ~ 6.327 6.508
strated to be useful for infrared optoelectronic applications, ~5,; (K1) 21.0x10°° 136x10°
in particular for the fabrication of PbTe/PbEuTe hetero- ~pensity (g/cnf) 6.45 6.45
junction diode lasers including quantum well structures [1]. “Melting point CC) 806 2183

SnTe is a IV-VI narrow gap semiconductor whose optical ~Energy Gap (eV) 0.3(0K)0.18 (300K) 2 (300 K)
and electrical properties have been extensively investigated
since the beginning of 1960’s [2-4]. In the casg SfEu, Te

alloys most of work has been focused in the magnetization,yere grown by molecular beam epitaxy in a Riber 32P :
studies in samples grown by Bridgman method [5-10]. A (em The epilayers were fabricated by using three diffe
correlation between magnetic and electronic properties of ofsion cells, which are able to evaporate SnTe, Eu ant
Sn;_,Gd, Te samples grown also by Bridgman method, has genarately. Prior the growth, freshly cleaved BAR 1) sub-
also been done [11-12]. In this work we present some resultSgirates were preheated at 2@during 30 min, in the prepe
obtained in the investigation of structural, optical and elec- ration chamber, and at 50@ during 15 min, in the mai
trical properties of Sp_,Eu,Te (0 < = < 0.03) epitaxial  chamber. The substrate holder was kept rotating during
films grown by molecular beam epitaxy on freshly cleaved growth to insure a reasonable thickness homogeneity fc
BaF,(111) substrates. Although SnTe and EuTe compoundssammes_ Epilayers of about 1;8n thick were deposite
have the same crystal structure (FCC) and lattice mismatchiih growth rate of approximately A/s and substrate ten
about 4.3%, a complete miscibility is not expected for the perature kept at 300C. The Volmer-Weber growth moc

whole composition range of $pEu,Te alloy, because it 45 observed by RHEED patterns for all samples.
would violate the well known 15% Hume-Rothery rule [13]. Ex-situ characterization methods were perforn

Table 1 summarizes some properties of SnTe and EuTe COMiainly by using three different equipments. Firstly, hi

pounds. resolution X-ray diffraction measurements were carried
in a Philips X'Pert diffractometer i direction, using the

. open detector mode for scans in [222] Bragg reflex. Ti

2 Experlmental Procedures an automated Keithley 180A Hall effect system was use
measure the electrical properties of the samples cont:

In order to investigate the peculiarities of this interesting in the Van der Pauw geometry. The resistivity and Hall
Sn.Eu, Te pseudo-binary alloy various series of samples fect measurements, with temperature varying from 30
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10K were performed Finally, a Fourier transform infrared 6 x 102°cm=2 and a low resistivity from6.3 x 10~ to
spectrophotometer (Perkin Elmer — FTIR 1600) and a NIR- 1.2 x 10~* Q.cm.
UV-VIS spectrophotometer (Hitachi — U3501) were used

for optical transmission measurements at room temperature. ; ; ; ; ; ; ;
6,370 -

6,365 |- B

3 Results and Discussions 6360 | ;
6,355 | 3
Although Sn,.Eu,Te samples with x as high as approxi-
mately 20% have been grown in this work, it could be ob-
served by high resolution X-ray diffraction that a good crys-
tal quality is achieved only for x values lower than 0.03, as
can be seen in Fig. 1. This limitation is due to the fact that
the difference between the atomic radius of Eu (2)0dnd

Sn (1.624) is more than 20%, which is much higher than 0:3%0 .
the condition established by one of Hume-Rothery rules for 6325 | T . . . . . s
solid solutions [13]. 0000 0005 0010 0015 002 0025 0,030

nominal X

Figure 2. Lattice parameter of the Sn,.Eu, Te layers as a function
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Figure 1. X-ray data of the (222) diffraction peak for different 150 B 2® L L L L L L
Sny.Eu, Te samples grown on BaR111). 0000 0005 0010 0015 002 0025 0030

nominal x
Figure 2 shows that the lattice parameter increases from
6.327 to 6.368 as the Eu content varies from 0 to 0.022. It Figure 3. Full width at half maximum of the (222) x-ray rocking
is important to notice that these alloys do not obey Vegard's curves for the Sp_,Eu, Te layers.
law. Actually the lattice constant considered for 0.03 is not
so accurate because a phase separation is occurring probably
due to spinodal decomposition [14], which is a well known ————

phenomenon taking place in fluids, glasses and solids. . —®—x=0.00017

The crystal quality degradation is much more pro- T DG
nounced in Fig. 3, where it can be seen that the full width ., e —%— x=0.022
at half maximum (FWHM) varies from 164 to 571 arcsec T "

for Eu content varying from 0 to 0.022. Again because the
phase separation occurring in the sample with x=0.03 the
FWHM is not so accurate.

Figure 4 shows how the mobility varies as a function of
temperature for samples with low Eu concentration, namely
x=0.00017;0.0019;0.007; 0.022, respectively. It can be seen *\**Q*
that the highest mobility (636 chiV.s) is achieved at tem- A‘M
peratures about 12K for the sample with x=0.00017. At L
room temperature the mobility of this sample decreases to 10 100
171 cn?/V.s. Electrical measurements with temperature Temperature(K)
varying from 300 to 10K also indicated that the epilayers Figure 4.  Temperature dependence of Hall mobility for
present carrier concentration ranging frémx 10%° and S —.Eu, Te layers with different Eu compositions.
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