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Pedepar:

1. PoboTa npucesueHa JOCiIKEeHHIO B3a€MHOI (pa30BOi CUHXPOHI3allil €IeKTPOMAarHiTHUX CUTHAJIIB y CIIIHTPOHHUX
MarHiTHUX HaHocTpyKTypax (CMHC) Ta mociimkeHHI0 YMOB reHepallii eJ1eKTpOMarHiTHUX CUTHaJliB TeparepLoBoro
IianazoHy 4acToT y NpUcTposx Ha ocHoBi CMHC. Anazni3 npoteciB B3aeMHOi (pa30Boi CUHXPOHi3allii KOJIMBaHb
HamarHiueHocTi y macuBax CMHC 3 BUIIafKOBUMU Ta AETEPMiHOBAaHMMH BJIACHUMU [TapaMEeTPaMu 103BOJINB
BUSIBUTH 3aJI€XKHICTh YaCTOTHOI CMYTU (pa30BOI CUHXPOHI3allii Bifj BEJIMYMHY PO3KUIY LUX NAPaMEeTPiB, KiJIbKOCTI
OCLIMJISITOPIB B CUCTEMI Ta iX B3a€EMHOTO pO3TallyBaHHS y IIPOCTOPi. JJOCiIpKeHO POoLeCH reHepallii y IpUCTPOsIX
TepareploBoro iana3oHy YacTOT Ha OCHOBI ciHOBUX ocuuiaTopiB Xosna (COX) 3 aHTU(EepOMarHiTHUM LIapoM, Jie
BYBEJICHHS] TEHEPOBAHOTO CUTHAJY BifIOYBAE€TbHCSl YEPE3 MArHiTHE NUIIOJIbHE BUIIPOMIHIOBAHHS ab0 32 JOIIOMOIOI0
OCLMJIALN aHI30TPOITHOTO TYHEJILHOTO MArHiTOONOPY CTPYKTYpHU. [IpoBefeHo OnTHMMIi3alilo apameTpiB TaKUx

IpKepeJl Ta BU3HAUYEHO iX ONTHMaJIbHI eJIeKTPOAMHAMIUHI XapakTepucTUKU. [1oka3aHo, 0 Taki mpKepesna 6yayTh



reHepyBaTy €JIEKTPOMAarHiTHUI CUTHAJI MTOTYKHICTIO, 110 nepesuilye 1 MKBT Ha yactorax 0,1-1 TT'y. Briepiue
[I0Ka3aHOo MOXJIUBICTb po60Tu COX B iMITyJIbCHOMY PEXKUMi 3 TPUBAJICTIO iMITyJIbCy ~ 1 TIC, 32 SIKOrO MOro IoBefiHKa
Harajiye MoBeJiHKy HITyYHOTO «HEeIIpOHa». 3alIpOIIOHOBAHO JIOTIYHi CXeMHU Ta KOMipKU [1aM’dTi Ha OCHOBI TaKuX
«HEVPOHIB».

2. This work is devoted to the theoretical analysis of microwave synchronization and terahertz-frequency
generation of electromagnetic signals in spintronic magnetic nanostructures (SMNS) and devices that utilize SMNS
by numerical computing. The numerical model of the mutual synchronization of an arbitrary number of weakly
coupled STNOs taking into account the technological spread of STNO’s parameters was presented. The use of this
model for the case of two, three, five, ten, and twenty STNOs having various technological spreads of the
oscillators’ parameters was demonstrated. The study of the STNO-array geometry effect on the efficiency of
synchronization was carried out using the approach of a “local coupling”. For the first time, it was shown that for
two-dimensional arrays, exist an optimal distance between the nearest STNOs, for which synchronization is most
effective, and this distance essentially depends on the topology of the system. The new concept of a terahertz-
frequency signal oscillator was proposed. Such oscillator is layered structure that consist of a current-driven
platinum (Pt) layer and an antiferromagnetic (AFM) layer. The AFM layer has an easy-plane anisotropy and its
sublattices are canted inside the easy plane by the Dzyaloshinskii-Moriya interaction (DMI). The dc electric
current flowing in the Pt layer creates a perpendicular spin current due to the spin Hall effect. This spin current
being injected in the AFM layer, tilts the DMI-canted AFM sublattices out of the easy plane, thus exposing them to
the action of a strong internal exchange magnetic field of the AFM. The sublattice magnetizations, along with the
small net magnetization of the canted AFM, start to rotate about the hard anisotropy axis of the AFM with the
terahertz frequency proportional to the injected spin current and the AFM exchange field. The rotation of the
small net magnetization results in the terahertz-frequency dipolar radiation that can be directly received by an
adjacent (e.g., dielectric) resonator. It was demonstrated theoretically that the radiation in the frequency band f
~0,05-2 THz are possible at the experimentally reachable magnitudes of the driving current density, and we
evaluate the power of the signal radiated into different types of resonators. This power increases with the increase
of frequency f, and it can exceed 1 uW at f o 0,5 THz using a typical dielectric resonator with the electric
permittivity o o 10 and a quality factor Q o 750.
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