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Annomauyusn. Hogvle mexnonio2uu nomydeHuss KOHCMpPYKYUOHHBIX MAMEPUAO8, YCMOUYUBbIX K 6000POOHbIM U
PAOUAYUOHHBIM NOBPENHCOCHUSIM, SGISIOMCA AKMYAIbHLIMU NPOoOIeMamu mamepuaioseoerus. Booopoonoe
nospeosicoenue U paoUayUOHHAs 0e2paoayus AGIAIOMCS  BANCHBIMU — DAKMOPAMY,  O0SPAHUYUBAIOUWUMU
YCMALOCHHYIO 00I208EHHOCHb KOHCIMPYKYUOHHBIX Mamepuanos. OOHOU U3 NepCReKMUSHbIX AllbMepHAmue npu
paspabomke  paouayuOHHO-6000POOOCMOUKUX — MAMEPUANO8 €  YAVHULEHHLIMU — QUIUKO-MEXAHULECKUMU
CBOUCMEAMU SAGNAEMCSl HAHECEHUE HAHOPAIMEPHbIX Memaniudeckux nokpvimuti (HMII). Hacmosuwas paboma
nocesuena usyuenuro aunueurayuu nosumponoe ¢ HMII Zv/Nb ¢ pasnuunoii moawunot omoeavbHuix cioes Zr u

Nb nocne obnyuenus uonamu He' ¢ dosamu om 30110'° uonos/cr’ 0o 30110" uonos/car’.

Introduction. Nanoscale multilayer coatings (NMCs) are increasingly used in power engineering,
electronics, mechanical engineering, optics, biotechnology, and other industries. The reason for this is the
possibility of a significant change in the physical and mechanical properties and corrosion resistance of structural
materials. Changes in the thickness and composition of layers can lead to an increase in strength, hardness, and
the formation of a nanocomposite with a wide range of functional purposes. The hexagonal-cubic systems
(hep/bee and hep/fee) have the greatest structural mismatch of crystal lattices. In addition, hep/bee systems have
the potential to create radiation-resistant composites. The large divergence allows incoherent and semi-coherent
boundaries of hcp/bee systems to be an effective absorber of radiation defects and a barrier to dislocation
propagation during deformation, as shown in recent studies [1, 2].

The aim of this work was a comparative analysis of the characteristics of positron annihilation in a Zr/Nb

NMCs with a thickness of individual layers of 100 + 10 nm after irradiation with He" ions.
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Research methods. The samples were analyzed by means of annihilation line Doppler broadening (DB)
spectrometry using variable positron energy at the AIDA - Helmholtz Center Dresden-Rossendorf, HZDR. A
monoenergetic positron beam 4 mm in diameter was used; the positron energy varied from 0.01 keV to 35 keV.
Annihilation y radiation was recorded by the HPGe detector with an energy resolution of 1.09 +0.01 keV,
interpolated for an energy of 511 keV. The obtained DB spectra were analyzed by estimating the parameters S
and W of the annihilation line, as well as graphical representation of the R parameter as a function of S = f{W).
The prepared samples were irradiated with He' ions using a PION-1M plasma ion source with a non-
incandescent cathode. The energy of the accelerated ions was 25 keV. The irradiation time was chosen to cover a
wide dose range from 3*10'® to 3*10'7 ions/cm’. During irradiation, the temperature of the samples did not
exceed 200 °C.

Results. Figure 1 shows the dependence of the S, W parameter on the positron energy for Zr/Nb NMCs

with an average layer thickness of 100 + 10 nm and an irradiation dose range from 3*10'° to 3*10'” ions/cm®.
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Fig. 1. Dependence of the S parameter (a) and the W parameter (b) on the positron energy of the Zr/Nb NMCs

with the thickness of individual layers of 100 + 10 nm and the range of irradiation doses from 3*10'° to 3%10"
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Analyzing the obtained curves in Figure 1, we can conclude that the S parameter of the Zr/Nb NMCs
decreases with increasing radiation dose, which indicates the absence of the formation of stable radiation defects.
After 20 keV, the S parameter increases and the W parameter decreases, which indicates the predominant
positron annihilation in the single-crystal silicon substrate. Figure 2 shows the dependence of the S parameter on
the W parameter of a Zr/Nb NMCs with a thickness of individual layers of 100 + 10 nm and a range of

irradiation doses from 3*10' to 3*10'7 ions/cm?.
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Fig. 2. Plot of the dependence of the S parameter on the W parameter for Zr/Nb NMCs with an individual layer

thickness of 100 + 10 nm and an irradiation dose range from 3*10"° to 3*10" ions/cm’

As can be seen from Figure 2, the graph of the dependence S = f (W) consists of 2 curves with different
slope angles, this is due to the annihilation of positrons in the substrate, annihilating positrons in the substrate
change the slope of the curve.

Conclusion. A layer-by-layer analysis of positron annihilation in Zr/Nb NMCs shows that increasing the
irradiation dose by He' ions leads to the formation of stable radiation defects. Once the energy reaches 20 keV,
the probability of positron annihilation in the monocrystalline silicon substrate increases.
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