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Abstract

© 2018 American Physical Society. The demonstration of a quasi-two-dimensional electron gas
(2DEG) and superconducting properties in LaAlO3/SrTiO3 heterostructures has stimulated
intense research activity in the last ten years. The 2DEG has unique properties that are
promising for applications in all-oxide electronic devices. The superconductivity in such
heterostructures has been observed below 300 mK. For superconductivity applications it is
desirable to have more wide temperature of the existence range and the ability to control
superconducting properties by external stimulus. Based on first-principles calculations and
theoretical consideration we show that all-oxide heterostructures incorporating a ferroelectric
constituent, such as BaTiO3/La2Cu04, allow creating 2DEG. We predict a possibility of a high-
temperature quasi-two-dimensional superconducting state. This state could be switchable
between superconducting and conducting states by ferroelectric polarization reversal. We also
discuss that such structures must be more simple for preparation. The proposed concept of a
ferroelectrically controlled interface superconductivity offers the possibility to design novel
electronic devices.

http://dx.doi.org/10.1103/PhysRevB.98.094522

References

[1] A. Ohtomo and H. Y. Hwang, Nature (London) 427, 423 (2004). NATUAS 0028-0836 10.1038/nature02308

[2] S. Thiel, G. Hammerl, A. Schmehl, C. W. Schneider, and J. Mannhart, Science 313, 1942 (2006). SCIEAS 0036-
8075 10.1126/science.1131091

[3] N. Reyren, S. Thiel, A. D. Caviglia, L. Fitting Kourkoutis, G. Hammerl, C. Richter, C. W. Schneider, T. Kopp, A.-S.
Ruetschi, D. Jaccard, M. Gabay, D. A. Muller, J.-M. Triscone, and J. Mannhart, Science 317, 1196 (2007). SCIEAS
0036-8075 10.1126/science.1146006

[4] A.Brinkman, M. Huijben, M. Van Zalk, J. Huijben, U. Zeitler, J. C. Maan, W. G. van der Wiel, G. Rijnders, D. H. A.
Blank, and H. Hilgenkamp, Nat. Mater. 6, 493 (2007). 1476-1122 10.1038/nmat1931

[5] A. Kalabukhov, R. Gunnarsson, J. Borjesson, E. Olsson, T. Claeson, and D. Winkler, Phys. Rev. B 75, 121404
(2007). PRBMDO 1098-0121 10.1103/PhysRevB.75.121404

[6] M. K. Niranjan, Y. Wang, S. S. Jaswal, and E. Y. Tsymbal, Phys. Rev. Lett. 103, 016804 (2009). PRLTAO 0031-
9007 10.1103/PhysRevLett.103.016804

[71 P. Moetakef, T. A. Cain, D. G. Ouellette, J. Y. Zhang, D. O. Klenov, A. Janotti, Ch. G. Van de Walle, S. Rajan, S. J.
Allen, and S. Stemmer, Appl. Phys. Lett. 99, 232116 (2011). APPLAB 0003-6951 10.1063/1.3669402

[8] C. A. Jackson and S. Stemmer, Phys. Rev. B 88, 180403 (2013). PRBMDO 1098-0121
10.1103/PhysRevB.88.180403

[9] . Biscaras, N. Bergeal, A. Kushwaha, T. Wolf, A. Rastogi, R. C. Budhani, and J. Lesueur, Nat. Commun. 1, 89
(2010). 2041-1723 10.1038/ncomms1084


http://dx.doi.org/10.1103/PhysRevB.98.094522

[10]
(11]

[12]
[13]

(14]
[15]

[16]

(17]

(18]

[19]
[20]

[21]

[22]
(23]
[24]
[25]
[26]

[27]
(28]
[29]

[30]

[31]

[32]

[33]

[34]

N. Nakagawa, H. Y. Hwang, and D. A. Muller, Nat. Mater. 5, 204 (2006). 1476-1122 10.1038/nmat1569

K. D. Fredrickson and A. A. Demkov, Phys. Rev. B 91, 115126 (2015). PRBMDO 1098-0121
10.1103/PhysRevB.91.115126

P. Hohenberg and W. Kohn, Phys. Rev. 136, B864 (1964). PHRVAO 0031-899X 10.1103/PhysRev.136.B864

J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865 (1996). PRLTAO 0031-9007
10.1103/PhysRevLett.77.3865

MedeA®-2.20, Materials Design, Inc., San Diego, CA, USA (2015).

G. Kresse and J. Furthmuller, Comput. Mater. Sci. 6, 15 (1996). CMMSEM 0927-0256 10.1016/0927-
0256(96)00008-0

S. L. Dudarev, G. A. Botton, S. Y. Savrasov, C. J. Humphreys, and A. P. Sutton, Phys. Rev. B 57, 1505 (1998).
PRBMDO 0163-1829 10.1103/PhysRevB.57.1505

I. 1. Piyanzina, T. Kopp, Yu. V. Lysogosrkiy, D. Tayurskii, and V. Eyert, J. Phys.: Condens. Matter 29, 095501
(2017). JCOMEL 0953-8984 10.1088/1361-648X/aa57ac

M. T. Czyzyk, and G. A. Sawatzky, Phys. Rev. B 49, 14211 (1994). PRBMDO 0163-1829
10.1103/PhysRevB.49.14211

A. Svane, Phys. Rev. Lett. 68, 1900 (1992). PRLTAO 0031-9007 10.1103/PhysRevLett.68.1900

C. J. Xiao, C. Q. Jin, X. H. Wang, Mater. Chem. Phys. 111, 209 (2008). MCHPDR 0254-0584
10.1016/j.matchemphys.2008.01.020

J. M. Longo and P. M. Raccah, J. Solid State Chem. 6, 526 (1973). JSSCBI 0022-4596 10.1016/S0022-
4596(73)80010-6

S. H. Wemple, Phys. Rev. B 2, 2679 (1970). 0556-2805 10.1103/PhysRevB.2.2679
J. P. Pervew, Int. J. Quantum Chem. 30, 451 (1986). |JQCB2 0020-7608 10.1002/qua.560300314
V. ]. Emery and S. A. Kivelson, Nature (London) 374, 434 (1995). NATUAS 0028-0836 10.1038/374434a0

A. F. Bangura, J. D. Fletcher, A. Carrington, J. Levallois, M. Nardone, B. Vignolle, P. J. Heard, N. Doiron-Leyraud,
D. LeBoeuf, L. Taillefer, S. Adachi, C. Proust, and N. E. Hussey, Phys. Rev. Lett. 100, 047004 (2008). PRLTAO
0031-9007 10.1103/PhysRevLett.100.047004

E. H. Brandt and M. Indenbom, Phys. Rev. B 48, 12893 (1993). PRBMDO 0163-1829
10.1103/PhysRevB.48.12893

Y. Wang and H.-H. Wen, Europhys. Lett. 81, 57007 (2008). EULEE] 0295-5075 10.1209/0295-5075/81/57007
P.-G. de Gennes, Phys. Rev. 118, 141 (1960). PHRVAO 0031-899X 10.1103/PhysRev.118.141

E. Dagotto, T. Hotta, and A. Moreo, Phys. Rep. 344, 1 (2001). PRPLCM 0370-1573 10.1016/S0370-
1573(00)00121-6

D. P. Pavlov, I. I. Piyanzina, V. I. Muhortov, A. |. Balbashov, D. A. Tauyrskii, I. A. Garifullin, and R. F. Mamin, JETP
Lett. 106, 460 (2017). JTPLA2 0021-3640 10.1134/S0021364017190109

Y. Wang, M. K. Niranjan, J. D. Burton, J. M. An, K. D. Belashchenko, and E. Y. Tsymbal, Phys. Rev. B 79, 212408
(2009). PRBMDO 1098-0121 10.1103/PhysRevB.79.212408

I. Bozovic, G. Logvenov, M. A. J. Verhoeven, P. Caputo, E. Goldobin, and M. R. Beasley, Phys. Rev. Lett. 93,
157002 (2004). PRLTAO 0031-9007 10.1103/PhysRevLett.93.157002

X. Leng, J. Garcia-Barriocanal, Sh. Bose, Y. Lee, and A. M. Goldman, Phys. Rev. Lett. 107, 027001 (2011).
PRLTAO 0031-9007 10.1103/PhysRevLett.107.027001

D. P. Pavlov, R. R. Zagidullin, V. M. Mukhortov, V. V. Kabanov, T. Adachi, T. Kawamata, Y. Koike, and R. F.
Mamin, arXiv:1804.05519.



