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* Incorporation of magnetic ions in group 1V-VI ferroelectric-semiconductor lattice offers intriguing materials properties and entanglement between magnetic and spin-orbit orders.
» GeTe Is proposed to integrate both its intrinsic ferroelectric polarization (broken inversion symmetry) and incorporated magnetic order which yields to Rashba spin splitting.

* We have synthesized Ge,_, ,(Sn,Mn,)Te multiferroics to study its magnetic ordering, ferroelectric polarization and its domain walls dynamics at various temperatures.

** Our measured samples show that Ge,, ,(Sn,Mn,)Te has cubic (Fm-3m) and rhombohedral (F3m) symmetries at room temperature for different Sn and Mn contents.

v:* The magnetic susceptibility measurements demonstrate the existence of both ferromagnetic and frustrated magnetic ordering at low temperature.
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Introduction and motivation

4 Why we chose IV-VI semiconductors:

¢ Higher solubility of transition metal (TM)
lons [1].

¢+ High carrier concentration compared to
[I-VI compounds.

% T.=200 K forx=0.5[3].

% Ferroelectric ordering in Ge, ,TM,Te [1-3].

* Strong RKKY interaction.

¢ Ferroelectric nature of GeTe offers possibility
of entanglement between magnetic and spin-orbit .

orders, and Rashba spin splitting.

1] L. Kilanski et al. Phys. Rev. B 95, 035206 (2017).
M. Hassan et al. J. Cryst. Growth 323, 363 (2011).
3] Y. Fukuma et al. Appl. Phys. Lett. 93, 252502 (2008).
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L_attice structure

Rashba splitting in 1'V-VI semiconductors

@] J. Krempasky’ et al. Nature Communications7 (1), 1-7 (2016).
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Magnetic properties

~

*» Semiconductor-GeTe has NaCl like cubic structure.

<« Gey_,,Sn,Mn,Te reveals distortion in (111) direction
Indication a rhombohedral symmetry.

» IV-VI structures have high solubility for transition
metal (TM) ions.

*» The high solubilities originate from the Te-5p anti-bo
nding states which are favorable to
acceptor doping [5].

QS] T. Fukushima et al. J. Phys. Condens. Matter 27, 015501 (2015)
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s Magnetic susceptibility measured from 4.5-300 K.

s The susceptibility graph shows both ferromagnetic

and frustrated magnetic states.
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¢ The susceptibility graphs indicate frustrated magnetic order
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for 0.2<x<0.4 and 0.02 <y <0.07

¢ Whereas for 0.5 < x < 0.8 and 0.035 < y < 0.085 range, it

exhibits a ferromagnetic ordering
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Magnetic properties Frequency dependent susceptibility Magnetization hysteresis
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% Modified Curie-Weiss law, was used to fit the . . . % Showing the transition to a paramagnetic region.
’ | Using modified Curie- 0.20 0.030 26.6+12 235108 \ _ /
aramagnetic region of susceptibility. | - 023 0050 256+1.1 3.65+0.8 Conclusion
i X ) i ’ Weiss  law ﬁttlng' the 0.25 0.060 40.6 ; 1.4 10.1 ; 1.5 4 h
* yg, = -3 X 107 emu/g was used for the diamagnetic _ _ ' ' = = * Ge;_,_,Sn,Mn, Te semiconductor multiferroic samples were prepared
Curie-Weiss temperature  0.35 0055 236x17 68x13 using modified Bridgman growth method.
g g g
GeTe. 0 q Curie-Wei 0.40 0.020 179+18 254107 < The crystalline structure indicate both cubic and rhombohedral
« Modified Curie-Weiss | ) C an UME-VVEISS .40 0.070 19.7+19 105+1.1 symmetries, signature of spontaneous ferroelectric polarization.
% viodlTie urie-vveiss law, ’ = T Xdi RX - il :
X A1 T_-0 A dia constant C values were 050 0.035 259+19 285+0.2 » The magnetic susceptll.olhty m(.easurements show both ferromagnetic
0.55 0.065 184+14 645+ 0.6 and frustrated magnetic ordering.
calculated, given in the (g0 0085 178412 111413 * Frequency dependent susceptibility shows a shift in freezing
temperature (Tg) at various frequencies.
table 1. Lt Ll el )l ¢ The calculated Mydosh parameters for frequency dependent plots
[6] L. Kilanski et al. /. Appl. Phys. 105,103901 (2009). 080  0.075 153+15 77%12 demonstrate a spin-glass like magnetic ordering.
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