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Abstract
This work is a study of the formation processes and the effect of related process parameters of multilayer nanosystems and devices
for spintronics. The model system is a superconducting spin valve, which is a multilayer structure consisting of ferromagnetic
cobalt nanolayers separated by niobium superconductor nanolayers. The aim was to study the influence of the main technological
parameters including temperature, concentration and spatial distribution of deposited atoms over the nanosystem surface on the
atomic structure and morphology of the nanosystem. The studies were carried out using the molecular dynamics method using the
many-particle potential of the modified embedded-atom method. In the calculation process the temperature was controlled using the
Nose–Hoover thermostat. The simulation of the atomic nanolayer formation was performed by alternating the directional deposi-
tion of different composition layers under high vacuum and stationary temperature conditions. The structure and thickness of the
formed nanolayers and the distribution of elements at their interfaces were studied. The alternating layers of the formed nano-
system and their interfaces are shown to have significantly different atomic structures depending on the main parameters of the
deposition process.
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Figure 2: High-resolution transmission electron microscopy (HR-TEM) image of a layered Co, CoOx and CuNi nanostructure prepared by magnetron
sputtering.

Introduction
Multilayer superconductor/ferromagnetic (S/F) hybrid nano-
structures are a new type of quantum electronics elements based
on electron spin transport. Unlike conventional electronics,
spintronics uses not only charge transfer, but also the electron
spin in solids, solving the problem of transport and recording of
information [1-7]. Based on the basic nondissipative elements
of spintronics, it is possible to create new superconducting
nanoelectronics devices that consume minimum energy and
have a high operation speed [8-13].

One type of magnetic nanostructure with wide potential use is
the spin valve [14,15], consisting of several magnetic films sep-
arated by a magneto-resistive layer. Due to the exchange inter-
action with the adjacent antiferromagnetic nanofilm, one of the
layers has constant magnetization. For the adjacent nanofilm,
the direction of magnetization can be controlled by an external
magnetic field. The weak link of the ferromagnetic layers
causes a restructuring of the magnetic moment configuration
under low-power magnetic fields and switches the spin valve
from a high to a low resistance state. When a superconducting
film is used as a magneto-resistive interlayer, a supercon-
ducting spin valve is obtained. Furthermore, these structures are
highly sensitivity to magnetic field switching and energy
consumption is significantly reduced due to the absence of
dissipation in such a valve in the ground (superconducting)
state.

Practice shows that the creation of multilayer S/F nanostruc-
tures with the required properties is an extraordinarily complex

Figure 1: Transmission electron microscopy (TEM) image of a layered
nanostructure consisting of Nb, CuNi, CoOx and Co layers, prepared
by magnetron sputtering.

process. Figure 1 and Figure 2 show actual spin-valve multi-
layer nanosystems formed from various materials [9]. As
demonstrated in the figures, the structure of real nanosystems is
far from ideal. In particular, it can be noted that the surface
separating the various nanolayers of the system is not perfectly
flat. The surface has noticeable irregularities that penetrate into
adjacent layers. The figures also show that there is a mutual
penetration of one contact layer into another. Therefore, the
layer interface has a certain quantifiable thickness. It should be
noted that the atomic structure of each layer does not form an
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