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Electric field on the surface of a metal electrode with dielectric film in plasma
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The calculation of the electric field on the surface of a metal electrode coated with a contin-
uous dielectric film and immersed in plasma, at a negative electrode potential ¥, when the

parameter e ¥ significantly exceeds the electron temperature T, ( % >>1), has been carried
out. It has been established that as a result of charging the outer surface of a film 10-1000
nm thick with a flow of positive ions from the plasma, a strong electric field arises inside the
film, the magnitude of which can reach values of 1-10 MV/cm at a plasma density of 10"—
10" em™ and electron temperature T, = 10 eV.

In breaks in the dielectric film, the magnitude of the electric field is comparable to the mag-
nitude of the field inside the film. On the surface of a dielectric film and on a clean metal
surface without a film, the magnitude of the electric field in the plasma is significantly less
than the fields inside the film. Strong electric fields inside the film and in its breaks can lead
to electrical breakdown inside the film or in its breaks. Electrical breakdown of a dielectric
film can initiate unipolar arcs on metals, excite microplasma discharges and form centers of
explosive electron emission on the surface of metals in plasma.
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film.

REFERENCES
1. Korolev Yu. D. and Mesyats G. A., Field emission 4. Mesyats G. A., Ectons in a vacuum discharge:
and explosion processes in gas discharges, Novosibirsk, = breakdown, spark, arc., Moscow, Nauka, 2000 [in Russian].
Nauka, 1982 [in Russian]. 5. Vacuum Arcs: Theory and Application, Ed. by
2. Slivkov I. N., Processes at high voltage in vacuum,  Lafferty J. M., New York, Wiley, 1980; Moscow, Mir,
Moscow, Energoatomizdat, 1986 [in Russian]. 1982.
3. Mesyats G. A. and Proskurovsky D. 1., Pulsed 6. Vorob’ov G. A. and Mukhachev V. A., Break-

Electrical Discharge in Vacuum, Novosibirsk, Nauka, 1984, down of thin dielectric films, Moscow, Sov. Radio, 1977
Berlin, Springer-Verlag, 1989. [in Russian].



Uspekhi Prikladnoi Fiziki (Advances in Applied Physics), 2024, vol. 12, Ne 2

7. Chopra K. L., Thin Film Phenomena, New York,
McGraw-Hill Book Company, 1969.

8. Forlani F. and Minnaja N., Phys. Status Sol. 40,
311 (1964). https://doi.org/10.1002/pssb.19640040210

9. IvanovV. A, Sakharov A. S. and Kon-
yzhev M. E., Plasma Physics Reports 34, 150—161 (2008).
https://doi.org/10.1134/S1063780X08020074

10. Ivanov V. A., Sakharov A. S. and Konyzhev M. E.,
Plasma Physics Reports 42, 619-632 (2016).
https://doi.org/10.1134/S1063780X 16060039

11. Ivanov V. A., Konyzhev M. E., Dorofeyuk A. A.
and Kamolova T. I., Journal of Physics: Conference Series
1647, 012018 (2020).
https://doi.org/10.1088/1742-6596/1647/1/012018

12. Ivanov V. A., Konyzhev M. E., Kuksenova L. I.
et al., Plasma Physics Reports 36, 1241-1246 (2010).
https://doi.org/10.1134/S1063780X10130258

13. Ivanov V. A., Konyzhev M. E., Kuksenova L. I.
et al., Journal of Machinery Manufacture and Reliability 44,
384-388 (2015).
https://doi.org/10.3103/S1052618815040032

14. Ivanov V. A., Sakharov A. S., Konyzhev M. E.,
Kamolova T. 1., Dorofeyuk A. A. and KuksenovaL. L.,
Journal of Physics: Conf. Series 907, 012023 (2017).
https://doi.org/10.1088/1742-6596/907/1/012023

15. Ivanov V. A., Konyzhev M. E., Kuksenova L. I.,
Lapteva V. G. and Khrennikova I. A., Trenie i smazka v
mashinakh I mekhanizmakh, Ne 5, 10-16 (2009) [in Rus-
sian].

16. Ivanov V. A., Konyzhev M. E., Kuksenova L. L.,
Lapteva V. G. and Khrennikoval. A., Journal of Friction
and Wear 30 (4), 290 (2009).
https://doi.org/10.3103/S1068366609040114

17. Dimitrovich D. A., Bychkov A. I. and Ivanov V. A.,
Applied Physics, Ne 2, 35 (2009) [in Russian].

18. Ivanov V. A., Konyzhev M. E.;, Kamolova T. L.
and Dorofeyuk A. A., Plasma Physics Reports 47 (6), 603—
610 (2021). https://doi.org/10.1134/S1063780X21060076

19. Gabovich M. D., Pleshivtsev N. V. and Semash-
ko N. N. Ion and Atomic Beams for Controlled Fusion and
Technology. Translated from Russian by D.H. McNeill.
New York and London: Consultants Bureau, 1988.

20. ITER Documentation Series. Ne 29. IV. Plasma
Facing Materials. Vienna: IAEA. 1991. Pp. 247-266.

21. Behrisch R. and Ehrenberg J., Journal of Nuclear
Materials 155-157 (1), 95-104 (1988).
https://doi.org/10.1016/0022-3115(88)90231-0

22. Bering E. A., Chang-Diaz F. R., Squire J. P. et al.,
Advances in Space Research 42, 192-205 (2008).
http://dx.doi.org/10.1016/j.asr.2007.09.034

23. Bering E. A., Chang-Diaz F.R., Squire J. P.,
Jacobson V. and Cassady L. D., High Power Ion Cyclotron
Heating In the VASIMR Engine. 45th AIAA Aerospace
Sciences Meeting and Exhibit ATAA-2007-586 Reno, Ne-
vada, 8—11 January 2007.

24. Bering E. A., Chang Diaz F. R., Squire J. P. et al.,
Physics of Plasmas 17, 043509 (2010).
https://doi.org/10.1063/1.3389205

25. Ivanov V. A., Usp. Prikl. Fiz. (Advances in
Applied Physics) 10 (4), 343-350 (2022) [in Russian].
https://doi.org/10.51368/2307-4469-2022-10-4-343-350

26. Ivanov V. A., Plasma Physics Reports 49 (2),
284-289 (2023).
https://doi.org/10.1134/S1063780X22601365

27. Ivanov V. A., Konyzhev M. E., Kamolova T. I.
and Dorofeyuk A. A., Applied Physics, Ne 5, 5-14 (2023)
[in Russian].
https://doi.org/10.51368/1996-0948-2023-5-5-14

28. Ivanov V. A., Konyzhev M. E., Kamolova T. L.
and Dorofeyuk A. A., Journal of Communications Tech-
nology and Electronics 68 (9), 1067-1076 (2023).
https://doi.org/10.1134/S1064226923090097

29. Ivanov V. A., Letunov A. A., Konyzhev M. E.,
Kamolova T. I. and Dorofeyuk A. A., Journal of Physics:
Conference Series 1383, 012025 (2019).
https://doi.org/10.1088/1742-6596/1383/1/012025

30. Plasma Diagnostic  Techniques. Ed. by

R. H. Huddlestone and S. L. Leonard, New York — London,
Academic, 1965.

31. Bohm D. In book “The Characteristics of the
Electrical Discharges in Magnetic Fields” (Chapter 3).
Ed. A. Guthrie, R. K. Wakerling, New York, 1949.

32. Textor M., Sittig C., Frauchiger V., Tosatti S. and
Brunette D. M. Properties and Biological Significance of
Natural Oxide Films on Titanium and Its Alloys. In book:
Titanium in Medicine (Pp.171-230) Springer, 2001.
https://doi.org/10.1007/978-3-642-56486-4 7

33. Sittig C., Textor M., Spencer N. D., Wieland M.
and Vallotton P. H., Journal of Materials Science: Materials
in Medicine 10, 35-46 (1999).
https://doi.org/10.1023/a:1008840026907

34. Troyan P. E., Nagaichuk S. G., Argunov D. P,
Zmanovsky P. A. and Pilipets [. V., Doklady TUSURa,
Ne 4 (38), 64—67 (2015) [in Russian].

35. Nagaichuk S. G., Argunov D.P., TroyanP.E.,
Zhidik E. V. and Zmanovsky P. A., Current problems of the
humanities and natural sciences, Ne 12—1, 129-132 (2016)
[in Russian].

36. Nagaichuk S. G., ArgunovD.P., TroyanP. E.,
Zmanovsky P. A. and Zhidik E. V. Research of electrical
parameters of the films of titanium oxide used for
memristor's structures. Tomsk, Tomsk State University,
2016 [in Russian].

37. Tables of physical quantities. Handbook. Ed. by
I. K. Kikoin. Moscow, Atomizdat, 1976 [in Russian].

38. Troyan P. E. and Karansky V. V., Doklady
TUSURa 20 (3), 152—-154 (2017) [in Russian].
https://doi.org/10.21293/1818-0442-2017-20-3-152-154

39. Troyan P. E. and Sakharov Yu.V. Electrical
forming of thin-film metal-dielectric-metal structures in
strong electric fields. Tomsk, Tomsk State University, 2013
[in Russian].

40. Ivanov V. A., Konyzhev M. E., Kamolova T. I.
and Dorofeyuk A. A., Plasma Physics Reports 49 (3), 394—
402 (2023).
https://doi.org/10.1134/S1063780X22602085





