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Abstract
The twenty-first century is marked by an explosive growth in the flow of

information, which is necessary to process, archive, and transmit data through
communication systems. For that purpose, big data centers with powerful
supercomputers have been created all over the world, consuming a huge amount
of electricity. For example, just one of thousands of big data centers worldwide,
located in the town of Lulea, Sweden [1] consumes 9% of the electricity of the
entire country. On the other hand, during the last four decades, the triumphal
development of microelectronics and computers, based on traditional
semiconductor chips, was enabled by the exponential growth of the number of
transistors in chips and the shrinkage of the size of individual transistors,
following the empirical Moore’s Law, which is now showing slowing-down and
failure signs [2].

Keywords: artificial neural networks; functional nanostructures;

intrinsic Josephson effect; nanoelectronics; spintronics

References:

1. Luled Data Center.
https://www.facebook.com/LuleaDataCenter/photos/a.286677434734285/2013978
478670830/ (accessed March 15, 2012).

Return to citation in text: [1]

2. Colwell, R. P. The Chip Design Game at the End of Moore’s Law. In IEEE Hot
Chips 25 Symposium (HCS), Stanford, CA, USA, Aug 25-27, 2013; IEEE, 2013, pp 1-16.
d0i:10.1109/hotchips.2013.7478302

Return to citation in text: [1]

3. Alba, D. China's Tianhe-2 Caps Top 10 Supercomputers: China's Tianhe-2


https://doi.org/10.3762/bjnano.14.9
https://www.facebook.com/LuleaDataCenter/photos/a.286677434734285/2013978478670830/%20(accessed%20March%2015,%202012)
https://www.facebook.com/LuleaDataCenter/photos/a.286677434734285/2013978478670830/%20(accessed%20March%2015,%202012)
https://www.beilstein-journals.org/bjnano/articles/14/9#link1
https://doi.org/10.1109%2Fhotchips.2013.7478302
https://www.beilstein-journals.org/bjnano/articles/14/9#link2

Beilstein Journal of Nanotechnology

Volume 14, 2023. ISSN 2190-4286
outflanks U.S. systems to take No. 1 spot in Top500 list.
http://spectrum.ieee.org/tech-talk/computing/hardware/tianhe2-caps-top-10-
supercomputers (accessed June 17, 2013).
Return to citation in text: [1]

4. Kleiner, R.; Steinmeyer, F.; Kunkel, G.; Miiller, P. Phys. Rev. Lett. 1992, 68,
2394. doi:10.1103/physrevlett.68.2394
Return to citation in text: [1]

5. Kleiner, R.; Miiller, P. Phys. Rev. B 1994, 49, 1327-1341.
d0i:10.1103/physrevb.49.1327
Return to citation in text: [1]

6. Ozyuzer, L.; Koshelev, A. E.; Kurter, C.; Gopalsami, N.; Li, Q.; Tachiki, M.;
Kadowaki, K.; Yamamoto, T.; Minami, H.; Yamaguchi, H.; Tachiki, T.; Gray, K. E.;
Kwok, W.-K.; Welp, U. Science 2007, 318, 1291-1293. do0i:10.1126/science.1149802
Return to citation in text: [1]

7. Tafuri, F., Ed. Fundamentals and Frontiers of the Josephson Effect, 1st ed.;
Springer Series in Materials Science, Vol. 286; Springer: Cham, Switzerland, 2019.
doi:10.1007/978-3-030-20726-7 1

Return to citation in text: [1]

8. Delfanazari, K.; Klemm, R. A.; Joyce, H. J.; Ritchie, D. A.; Kadowaki, K. Proc.
IEEE 2020, 108, 721-734. d0i:10.1109/jproc.2019.2958810
Return to citation in text: [1]

9. Cattaneo, R.; Borodianskyi, E. A.; Kalenyuk, A. A.; Krasnov, V. M. Phys. Rev.
Appl. 2021, 16, L061001. doi:10.1103/physrevapplied.16.1061001
Return to citation in text: [1]

10. Yurgens, A. A. Supercond. Sci. Technol. 2000, 13, R85-R100.
doi:10.1088/0953-2048/13/8/201
Return to citation in text: [1]

11. Soloviev, I. I.; Klenov, N. V.; Bakurskiy, S. V.; Kupriyanov, M. Y.; Gudkov, A. L.;
Sidorenko, A. S. Beilstein J. Nanotechnol. 2017, 8, 2689—-2710.
doi:10.3762/bjnano.8.269

Return to citation in text: [1]

12. Xu, Q.; Yamanashi, Y.; Ayala, C. L.; Takeuchi, N.; Ortlepp, T.; Yoshikawa, N.
Design of an Extremely Energy-Efficient Hardware Algorithm Using Adiabatic
Superconductor Logic. In Proceedings of the 15th International Superconductive
Electronics Conference, ISEC 2015, Nagoya, Japan, July 6-9, 2015; P21.
doi:10.1109/isec.2015.7383446

Return to citation in text: [1]

13. Sidorenko, A., Ed. Functional Nanostructures and Metamaterials for
Superconducting Spintronics; Springer International Publishing: Cham, Switzerland,
2018. d0i:10.1007/978-3-319-90481-8



http://spectrum.ieee.org/tech-talk/computing/hardware/tianhe2-caps-top-10-supercomputers%20(accessed%20June%2017,%202013)
http://spectrum.ieee.org/tech-talk/computing/hardware/tianhe2-caps-top-10-supercomputers%20(accessed%20June%2017,%202013)
https://www.beilstein-journals.org/bjnano/articles/14/9#link3
https://doi.org/10.1103%2Fphysrevlett.68.2394
https://www.beilstein-journals.org/bjnano/articles/14/9#link4
https://doi.org/10.1103%2Fphysrevb.49.1327
https://www.beilstein-journals.org/bjnano/articles/14/9#link4
https://doi.org/10.1126%2Fscience.1149802
https://www.beilstein-journals.org/bjnano/articles/14/9#link5
https://doi.org/10.1007%2F978-3-030-20726-7_1
https://www.beilstein-journals.org/bjnano/articles/14/9#link5
https://doi.org/10.1109%2Fjproc.2019.2958810
https://www.beilstein-journals.org/bjnano/articles/14/9#link5
https://doi.org/10.1103%2Fphysrevapplied.16.l061001
https://www.beilstein-journals.org/bjnano/articles/14/9#link6
https://doi.org/10.1088%2F0953-2048%2F13%2F8%2F201
https://doi.org/10.1088%2F0953-2048%2F13%2F8%2F201
https://www.beilstein-journals.org/bjnano/articles/14/9#link6
https://doi.org/10.3762%2Fbjnano.8.269
https://www.beilstein-journals.org/bjnano/articles/14/9#link6
https://doi.org/10.1109%2Fisec.2015.7383446
https://www.beilstein-journals.org/bjnano/articles/14/9#link6
https://doi.org/10.1007%2F978-3-319-90481-8

Beilstein Journal of Nanotechnology

Volume 14, 2023. ISSN 2190-4286
Return to citation in text: [1]

14. Sidorenko, A. S. Beilstein J. Nanotechnol. 2020, 11, 1704—1706.
doi:10.3762/bjnano.11.152
Return to citation in text: [1]

15. Yanilkin, I. V.; Gumarov, A. I.; Gizzatullina, G. F.; Yusupov, R. V.; Tagirov, L. R.
Beilstein J. Nanotechnol. 2022, 13, 334—343. do0i:10.3762/bjnano.13.28
Return to citation in text: [1]

16. Petrov, A. V.; Nikitin, S. I.; Tagirov, L. R.; Gumarov, A. |.; Yanilkin, I. V.;
Yusupov, R. V. Beilstein J. Nanotechnol. 2022, 13, 836—844._
doi:10.3762/bjnano.13.74

Return to citation in text: [1]

17. Revin, L. S.; Masterov, D. V.; Parafin, A. E.; Pavlov, S. A.; Pankratov, A. L.
Beilstein J. Nanotechnol. 2021, 12, 1279-1285. doi:10.3762/bjnano.12.95
Return to citation in text: [1]

18. Glushkov, E. I.; Chiginev, A. V.; Kuzmin, L. S.; Revin, L. S. Beilstein J.
Nanotechnol. 2022, 13, 325—-333. doi:10.3762/bjnano.13.27
Return to citation in text: [1]

19. Pankratov, A. L.; Gordeeva, A. V.; Revin, L. S.; Ladeynov, D. A.; Yablokov, A. A.;
Kuzmin, L. S. Beilstein J. Nanotechnol. 2022, 13, 582—-589. doi:10.3762/bjnano.13.50
Return to citation in text: [1]

20. Galin, M. A.; Krasnov, V. M.; Shereshevsky, I. A.; Vdovicheva, N. K.; Kurin, V. V.
Beilstein J. Nanotechnol. 2022, 13, 1445-1457. doi:10.3762/bjnano.13.119
Return to citation in text: [1]

21. Chiginev, A. V.; Blagodatkin, A. V.; Pimanov, D. A.; Matrozova, E. A.;
Gordeeva, A. V.; Pankratov, A. L.; Kuzmin, L. S. Beilstein J. Nanotechnol. 2022, 13,
865-872. doi:10.3762/bjnano.13.77

Return to citation in text: [1]

22. Pimanov, D. A.; Frost, V. A.; Blagodatkin, A. V.; Gordeeva, A. V.; Pankratov, A.
L.; Kuzmin, L. S. Beilstein J. Nanotechnol. 2022, 13, 896-901.
doi:10.3762/bjnano.13.80

Return to citation in text: [1]

23. Bastrakova, M. V.; Pashin, D. S.; Rybin, D. A.; Schegolev, A. E.; Klenov, N. V.;
Soloviev, I. I.; Gorchavkina, A. A.; Satanin, A. M. Beilstein J. Nanotechnol. 2022, 13,
653—665. doi:10.3762/bjnano.13.57

Return to citation in text: [1]

24. Latyshev, A.; Semenov, A. G.; Zaikin, A. D. Beilstein J. Nanotechnol. 2022, 13,
292-297. doi:10.3762/bjnano.13.24
Return to citation in text: [1]

25. Machon, P.; Wolf, M. J.; Beckmann, D.; Belzig, W. Beilstein J. Nanotechnol.



https://www.beilstein-journals.org/bjnano/articles/14/9#link7
https://doi.org/10.3762%2Fbjnano.11.152
https://www.beilstein-journals.org/bjnano/articles/14/9#link7
https://doi.org/10.3762%2Fbjnano.13.28
https://www.beilstein-journals.org/bjnano/articles/14/9#link8
https://doi.org/10.3762%2Fbjnano.13.74
https://doi.org/10.3762%2Fbjnano.13.74
https://www.beilstein-journals.org/bjnano/articles/14/9#link8
https://doi.org/10.3762%2Fbjnano.12.95
https://www.beilstein-journals.org/bjnano/articles/14/9#link9
https://doi.org/10.3762%2Fbjnano.13.27
https://www.beilstein-journals.org/bjnano/articles/14/9#link10
https://doi.org/10.3762%2Fbjnano.13.50
https://www.beilstein-journals.org/bjnano/articles/14/9#link11
https://doi.org/10.3762%2Fbjnano.13.119
https://www.beilstein-journals.org/bjnano/articles/14/9#link12
https://www.beilstein-journals.org/bjnano/articles/14/9#link12
https://doi.org/10.3762%2Fbjnano.13.77
https://doi.org/10.3762%2Fbjnano.13.80
https://www.beilstein-journals.org/bjnano/articles/14/9#link13
https://doi.org/10.3762%2Fbjnano.13.57
https://www.beilstein-journals.org/bjnano/articles/14/9#link15
https://doi.org/10.3762%2Fbjnano.13.24
https://www.beilstein-journals.org/bjnano/articles/14/9#link16

Beilstein Journal of Nanotechnology

Volume 14, 2023. ISSN 2190-4286
2022, 13, 682-688. d0i:10.3762/bjnano.13.60
Return to citation in text: [1]

26. Janalizadeh, A.; Rahmonov, I. R.; Abdelmoneim, S. A.; Shukrinov, Y. M.;
Kolahchi, M. R. Beilstein J. Nanotechnol. 2022, 13, 1155-1166.
doi:10.3762/bjnano.13.97

Return to citation in text: [1]

27. Karabassov, T.; Pashkovskaia, V. D.; Parkhomenko, N. A.; Guravova, A. V.;
Kazakova, E. A.; Lvov, B. G.; Golubov, A. A.; Vasenko, A. S. Beilstein J. Nanotechnol.
2022, 13, 1418-1431. doi:10.3762/bjnano.13.117

Return to citation in text: [1]



https://doi.org/10.3762%2Fbjnano.13.60
https://www.beilstein-journals.org/bjnano/articles/14/9#link17
https://doi.org/10.3762%2Fbjnano.13.97
https://www.beilstein-journals.org/bjnano/articles/14/9#link18
https://doi.org/10.3762%2Fbjnano.13.117
https://www.beilstein-journals.org/bjnano/articles/14/9#link19

	References:

