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It was proposed a new memory storage unit of “bit + qubit” type based on unipolar vertical Bloch lines
located in the domain wall of a magnetic stripe domain formed in a uniaxial ferromagnetic film with strong
magnetic anisotropy. This result opens up the prospects for creating memory storage devices with both the
quantum and “classical” process of recording information.
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1. INTRODUCTION

The rapid development of modern technologies
leads to increased requirements for the service charac-
teristics of data storage devices. Memory storage devic-
es (SDs) should possess radiation and mechanical sta-
bility, energy independence, and high density of logging
large amounts of data. These qualities are largely
matched by solid state drives, in which elementary bits
of information are given stable states of physical stor-
age media. For example, the hysteresis positions of the
magnetization vectors of ferromagnetic clusters. In this
case, N bits of such memory SD can represent N binary
values. However, recently, intensive research has been
conducted on the possibility of recording information
using the superposition of stable quantum states
(qubits). Using this approach will allow to increase
qualitatively arrays of data recording. So, N qubits can
be represented by already 2N binary values.

Summarizing the above, it is natural to pose the
problem of the prospect of creating a memory SD with
the properties inherent in both "classical" and quantum
modes of recording information, i.e. hybrid memory
“bit + qubit”. Solving this problem opens a new direc-
tion in the development and manufacture of super-
compacted memory SDs with a wide range of capabili-
ties and high performance. This work is devoted to the
results of the study of the physical basis of the opera-
tion of such a memory SD on a magnetic basis.

2. RESULTS AND DISCUSSION

To solve the above problem, using the WKB
(Wentzel-Kramers-Brillouin) approximation, we inves-
tigated the quantum properties of nanoscale structural
inhomogeneities of domain walls formed in uniaxial
ferromagnetic films with strong magnetic anisotropy
[1-4]. So, it was found that a pair of interacting topolog-
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ical nanostructures of a domain wall of a stripe mag-
netic domain in the form of unipolar vertical Bloch
lines (BLs) (Fig. 1) can perform low-temperature quan-
tum oscillations. As a result, the energy of a pair of
interacting unipolar vertical BLs has equidistant type
spectrum. The excitation of its quantum levels is car-
ried out by an external magnetic field. The probability
distribution of excitation quanta over discrete levels
obeys a Poisson law.
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Fig. 1 — Fragment of a domain wall (top view) of a stripe
magnetic domain which contains a pair of unipolar vertical
BLs. Magnetization vectors (shown by arrows) in both vertical
BLs are rotated in the same directions. @ and () indicate the
magnetization vector directions along and against the normal
to the upper surface of the film, respectively

It should be noted, that a pair of unipolar vertical
BLs is already considered as a promising bit of infor-
mation in the magnetic field-based memory storage [5],
which is controlled by an external magnetic field. At
the same time, by providing a quantum oscillation
mode for vertical BLs, we will be able to form a qubit,
in which a quantum system consisting of the basic (not
excited) and assigned energy spectrum level of vertical
BLs oscillations activated by an external magnetic
field, is chosen as the base state.

It was established that the amplitudes of the fields
that determine the control of vertical BLs and their
quantum oscillations are in different numerical ranges,
that is, there is a practical possibility of separate con-
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trol of the classical and quantum processes of infor-
mation accumulation. As a consequence, we have the
prerequisites for the implementation of the hybrid
memory storage unit: “bit + qubit”. In this case, it is
especially important to emphasize that the realization
of both bit and qubit of a hybrid memory unit is per-
formed on a single physical medium — a pair of unipo-
lar vertical BLs.

Meanwhile, it must be said that the practical im-
plementation of the hybrid memory storage unit re-
quires the solution, in addition to technical, of a series
of scientific problems. One of which is the investigation
of thermal fluctuations influence on the quantum oscil-
lations of interacting unipolar vertical BLs. Solution of
the given problem would increase the operating tem-
perature of the memory SD.
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3. CONCLUSIONS

Submitted result can stimulate the research and de-
velopment of a new type of the memory SDs, which com-
bine two recording media: specified stable states of phys-
ical memory element and quantum levels of its energy
spectrum activated by external field.
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IlepenymMoBu CTBOPEHHA KOMipPKH IIaM ATi HOBOro Tumy «0iT + Ky0iT» Ha ocHOBI
HAHOPO3MipPHHUX CTPYKTYPHHUX HEOJIHOPITHOCTE! JOMEHHUX CTiHOK,
YTBOPEHHUX B OJHOBiCHHX (pepOMATrHITHUX MJIiBKaX
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3ampoIrroHoBaHO KOMIPKY IIaM SITI HOBOTO THITY «OIT + KyOiT» Ha OCHOBI BEPTHUKAJIBLHUX 0JIOXIBCBKIX JIIHIM,
110 3HAXOAATHCA B JOMEHHIH CTIHIII CMyTOBOI'0 MATHITHOTO JOMEHY, YTBOPEHOI'O B OJHOBICHIHM pepoMarHiTHIN
IUTIBII 13 CHJIBHOK MATHITHOK aHizoTpomieio. JlaHwit pe3ysbTaT BiAKpHBAE IIEPCIEKTUBU CTBOPEHHS 3a-
aM SITOBYBAJILHMX IIPUCTPOIB AK 3 KBAHTOBUM, TaK 1 «KJIACHYHUM» PEKUMAMU 3aIKCy 1HGOpMAILi.

Kmiouori ciora: OpmoBicHa depomaruitHa twriBka, JlomenHa crinka, BeprukasnbHa OJIOXIBChKA JIIHIA,

KpanTosi rosmBanusa, Komipka mam’sTi «6iT + ky6im.
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