Pis’ma v ZhETF, vol. 119, iss. 8, pp. 614 – 615 © 2024 April 25

Surface spin polarization in the magnetic response of GeTe Rashba ferroelectric

A. A. Avakyants, N. N. Orlova^{1)}, A. V. Timonina, N. N. Kolesnikov, E. V. Deviatov

Institute of Solid State Physics of the Russian Academy of Sciences, 142432 Chernogolovka, Russia

Submitted 5 March 2024 Resubmitted 20 March 2024 Accepted 22 March 2024

DOI: 10.31857/S1234567824080081, EDN: URBDRY

I. Introduction. Recent renewal of interest to semimetals is mostly connected with topological effects [1]. Among nonmagnetic topological Weyl semimetals (WSM), GeTe is of special interest [2–4] due to the reported giant Rashba splitting [4–7]. GeTe is predicted to be topological semimetal in ferroelectric α-phase [8, 9]. Nonlinear Hall effect has been demonstrated in GeTe [10], which is the direct manifestation of finite Berry curvature in topological media [11]. The direct measurement of the Rashba-split surface states of α-GeTe(111) has been experimentally realized thanks to K doping [12]. It has been shown that the surface states are not the result of band bending and that they are decoupled from the bulk states. The giant Rashba splitting of the surface states of α-GeTe is largely arising from the inversion symmetry breaking in the bulk [12].

Thus, one can expect a complicated response of a topological semimetal GeTe on the external magnetic field due to the correlation between ferroelectricity and spin textures in GeTe [13], similarly to magnetoelectric structures [14].

GeTe single crystals were grown by physical vapor transport in the evacuated silica ampule. The powder X-ray diffraction analysis confirms single-phase GeTe. To investigate magnetic properties, we use Lake Shore Cryotronics 8604 VSM magnetometer, equipped with nitrogen flow cryostat. A small (0.82–9.54 mg) flake is mounted to the sample holder by low temperature grease, which has been tested to have a small, strictly linear magnetic response. We investigate sample magnetization by standard method of the magnetic field gradual sweeping between two opposite field values to obtain magnetization loops.

All three samples show clear low-field hysteresis in Fig. 1. To our surprise, the saturation level is negative

1)e-mail: honna@issp.ac.ru

Fig. 1. (Color online) The low-field hysteresis region for all three samples. For every field sweep direction, we use curve averaging (8 curves) to increase the signal/noise ratio. The diamagnetic slope is subtracted from the averaged curves to highlight the nonlinear low-field behavior. (a) – Curves for the 6.69 mg GeTe flake at two temperatures, 100 K (solid) and 190 K (dash). (b) – M(H) curves for the smallest, 0.82 mg GeTe flake, at 100 K. (c), (d) – Hysteresis for the 9.54 mg flake at different temperatures (c) and sample orientation (d). For every sample, the saturation level is negative in positive fields, and the loop is passed clockwise, in contrast to usual ferromagnetic hysteresis

in positive fields, and the loop is passed clockwise, in contrast to usual ferromagnetic hysteresis.

We wish to note, that our unusual diamagnetic loop can not be considered as inverted hysteresis in the common sense (e.g. in terms of [15] and references therein). Indeed, usual inverted hysteresis implies two magnetic phases: the inversion reflects the phase interaction in this case, so one magnetic phase provides a bias field to the second one [16]. This bias field forces the magnetization reversal even before the reversal of the external field, so the loop is passed clockwise. In our case, we observe unusual diamagnetic loop, where the satu-

614 Письма в ЖЭТФ том 119 вып. 7 – 8 2024

Surface spin polarization in the magnetic response of GeTe Rashba ferroelectric 615

ration level is inverted instead of the switching field. The saturation level is negative in positive fields, it is reversed after the external field reversal. Also, the remanence plots technique (i.e., Henkel or δM plots) does not confirm several magnetic phases for our GeTe flakes.

The experimental curves in Fig. 1 can not be continuously transformed to the standard ferromagnetic one by adding/subtracting of any linear dependence, which excludes any possible contribution from any magnetic contamination, e.g. magnetic impurities [17]. To rule out systematic error of the VSM, like possible remanent field in the electric magnet, etc., we demonstrate strictly linear diamagnetic dependence without GeTe sample for the same setup, the same sample holder, the same grease, and at the same temperature.

For these reasons, we should consider possible contribution from the surface-state induced spin textures [12] in α-GeTe(111). Direct correlation between ferroelectricity and spin textures was demonstrated in GeTe [13]. Both the giant Rashba splitting of the surface states and bulk ferroelectricity are largely arising from the inversion symmetry breaking [12]. Thus, GeTe single crystal can be considered as magnetoelectric heterostructure [14].

In the conditions of our experiment, variation of the magnetic field leads to appearance of the electric field due to the magnetoelectric coupling [14, 18]. Electric field affects spin textures in GeTe [13], which, subsequently, affects magnetization response. In this case, the unusual diamagnetic loop appears due to the delay of the magnetic response to the external field, since electric fields are coupled to strain in ferroelectrics [14]. Thus, the unusual diamagnetic loop is a direct consequence of correlation between ferroelectricity and spin-polarized surface states in GeTe.

We wish to thank S. S. Khasanov for X-ray sample characterization.

Funding. We gratefully acknowledge financial support by the Russian Science Foundation, project RSF-23-22-00142, https://rscf.ru/project/23- 22-00142/.

Conflict of interest. The authors of this work declare that they have no conflicts of interest.

This is an excerpt of the article “Surface spin polarization in the magnetic response of GeTe Rashba ferroelectric”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364024600605

1. N. P. Armitage, E. J. Mele, and A. Vishwanath, Rev.

Mod. Phys. 90, 015001 (2018); arxiv:1705.01111. 2. S. Varotto, L. Nessi, S. Cecchi et al. (Collaboration), Nat. Electron. 4, 740 (2021).

3. S. Picozzi, Frontiers in Physics. Condensed Matter Physics 2, 10 (2014).

4. N. N. Orlova, A. V. Timonina, N. N. Kolesnikov, and E. V. Deviatov, Physica B: Condensed Matter 647, 414358 (2022);

https://doi.org/10.1016/j.physb.2022.414358. 5. Dю Di Sante, P. Barone, R. Bertacco, and S. Picozzi, Adv. Mater. 25, 509 (2013).

6. M. Liebmann, Ch. Rinaldi, D. Di Sante et al. (Collaboration), Adv. Mater. 28, 560 (2016).

7. J. Krempaský, H. Volfová, S. Muff, N. Pilet, G. Landolt, M. Radović, M. Shi, D. Kriegner, V. Holý, J. Braun, H. Ebert, F. Bisti, V. A. Rogalev, V. N. Strocov, G. Springholz, J. Minár, and J. H. Dil, Phys. Rev. B 94, 205111 (2016).

8. A. Lau and C. Ortix, Phys. Rev. Lett. 122, 186801 (2019).

9. J. Krempaský, L. Nicolaï, M. Gmitra, H. Chen, M. Fanciulli, E. B. Guedes, M. Caputo, M. Radović, V. V. Volobuev, O. Caha, G. Springholz, J. Minár, and J. H. Dil, Phys. Rev. Lett. 126, 206403 (2021) 10. N. N. Orlova, A. V. Timonina, N. N. Kolesnikov, and E. V. Deviatov, Chin. Phys. Lett. 40, 077302 (2023); https://doi.org/10.1088/0256-307X/40/7/077302.

11. I. Sodemann and L. Fu, Phys. Rev. Lett. 115, 216806 (2015).

12. G. Kremer, T. Jaouen, B. Salzmann, L. Nicolaï, M. Rumo, C. W. Nicholson, B. Hildebrand, J. H. Dil, J. Minár, G. Springholz, J. Krempaský, and C. Monney, Phys. Rev. Research 2, 033115 (2020).

13. Ch. Rinaldi, S. Varotto, M. Asa, J. Sławinska, J. Fujii, G. Vinai, S. Cecchi, D. Di Sante, R. Calarco, I. Vobornik, G. Panaccione, S. Picozzi, and R. Bertacco, Nano Lett. 18, 2751 (2018).

14. P. C. Lou, R. G. Bhardwaj, A. Katailiha, W. P. Beyermann, and S. Kumar, Phys. Rev. B 109, L081113 (2024);

https://doi.org/10.1103/PhysRevB.109.L081113. 15. I. Soldatov, P. Andrei, and R. Schaefer, IEEE Magn.

Lett. 11, 2405805 (2020).

16. M. Saghayezhian, Zh. Wang, H. Guo, R. Jin, Y. Zhu, J. Zhang, and E. W. Plummer, Phys. Rev. Research 1, 033160 (2019).

17. F. W. Constant and J. M. Forwalt, Phys. Rev. 56, 373 (1939).

18. W. Xun, Ch. Wu, H. Sun, W. Zhang, Y.-Zh. Wu, and P. Li, arXiv:2403.01070.

Письма в ЖЭТФ том 119 вып. 7 – 8 2024