2 2 1 g2 (5)
B =0 -CL+ —Im(x)
Im(X) gx
20
14
Pout (Pin ) 8
2
Poutl  (Pin )
—— -4
Pout2  (Pin )
—_—— -10
Pout3  (Pin )
—_— —16
Pout4 (Pin )
—22
Pout5 (Pin )
—— —o8 /—9—@‘
=34
40 =10 —4 2 8 14 20

Pin

Puc. 1. BbiIxogHas MOLLHOCTb Py, KaK QYHKLMA BXOAHOW Py, MOLLLHOCTU ANS YacTu
HENMHENHON NMHWK Nepeaaun ¢ AnddepeHUManbHbIM KO3(hULMEHTOM Nepeaayn o

B HacToslee Bpems BefeTcs paboTa Mo aHaim3y BAUAHUA MUKPOBO/THOBOW
MOLLHOCTK Ha 3.

Cnucok nutepatypbl:  1.0.G.Vendik,1.B.Vendik,T.B.Samoilova, Nonlinearity of Superconducting
Transmission Line and Microstrip Resonsator, Proc. IEEE, vol. 61, no. 1, pp. 58-69, Jan. 1973
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COMBINED ANALYSIS OF THE DATA OF STATIC AND
DYNAMIC MAGNETIC MEASUREMENTS AS METHOD
OF MAGNETIC STATE STUDYING OF CoFeZr/Si
MULTILAYER NANOSTRUCTURES

Last years magnetic nanostructures composed of ferromagnetic metal and
semiconductor layers have attracted attention of researchers as promising material
for spin electronics devices. These nanostructures may be used for elaboration of
the spin field-effect transistors, as well may served as spin-polarized electrons
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sourses. During deposition of multilayer nanostructures containing Si layers the
formation of mixed interface layers is observed. As result the ratio between the
thicknesses of magnetic and nonmagnetic layers changes. It means that important
applicable magnetoresistive characteristics of nanostructures may change too.

In the frame of studying this problem we have been investigated
(CogsFessZrio/Si)s multilayers deposited by ion beam sputtering [1]. Integrated
study of magnetic characteristics of nanostructures using static (vibrating sample
magnetometer) and dynamic (ferromagnetic resonance) methods was carried out
with the purpose to get information about nanostructure inner state.

The hysteresis loops and the mean saturation magnetization Ig' were measured
for samples with various ratio t./ts; of thicknesses of magnetic layers
(tn = 1.5 — 3 nm) and nonmagnetic ones (ts; = 0.5 — 5 nm). It was found that hyste-
resis loop parameters depended substantially on the layer thickness and Is' differed
from the expected calculated values Is'(calc) - see Fig.1.

From FMR spectra measured with static field applied parallel to the film
plane the values of resonance fields H,., were determined. The effective magneti-
zation values Mg were calculated using the Kittel formula [2]:

n res

g-
:Tn]s\/Hres(Hres +4pMeﬁ)

where resonance frequency n.s = 9. 27 GHz, g-factor g = 2.15, h is the Plank’s
constant, ng is the Bohr magneton.
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Fig. 1. Dependences of calculated and experimental values of saturation magnetization
Is versus silicon layer thickness ts; for (CoFeZr/Si) 4o nanostructures
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Using the values of magnetic moments measured by static method and effec-
tive magnetization data obtained from dynamic measurements we have estimated
the real thicknesses of magnetic layers. It was found that decreasing of this thick-
ness as compared to that assigned during sputtering occurs for the films with small
content of silicon.

The model explaining the character of decreasing of magnetic layer saturation
magnetization was proposed. It is based on formation of nonmagnetic silicides of
metal. Within the framework of this model the magnetizations of structures with a
various ratio of magnetic layer thickness to silicon layer one were calculated. The
satisfactory coincidence with the results of experiment was shown.

The authors would like to thank prof. Ye.V.Lebedeva (MSU) who provided
us with the samples for investigations and consulting.
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MEXAHVNYECKWE CBOVICTBA OB BEMHOIO AMOP®HOIO
CIMNABA Zr-Al-Ni-Cu-Y MNP HU3KUNX TEMTIEPATYPAX

MaccurBHble amop(Hble crniasbl, Takne kKak Zr-Al-Ni-Cu, obnagatot psagom
YHUKa/IbHbIX (M3NYECKMX CBOWMCTB, B TOM UMC/e U MEXaHUYECKUX — UCKIOUN-
Te/IbHO 60/bLLOM NMPOYHOCTLHO U BbICOKOW yNpyroi aedopmatmein. OaHako npak-
TUYECKOe MPYMEHEHME 3TUX CMNAaBOB KakK KOHCTPYKLUMOHHbIX MaTepuanoB caep-
XXMBAETCA B HACTOsILLEE BPEMS MX OrpaHUYeHHON MIacTUYHOCTLIO B X04e Aedop-
Mauun. OTCYTCTBYeT TakXKe B [0CTAaTOYHOW CTeneHu MHopMaums 0 MexaHuye-
CKMX CBOWMCTBaxX 3TMX MaTepuvaioB MpW HU3KMX TemnepaTypax. B cBasn ¢ atum
LleNb AaHHOW paboTbl - UCCNefoBaHMe MeXaHMYeCKX CBOMCTB aMOP(HOIO Cr/asa
(Zro55Al0.1Nig 05CU0 30)0.99 Y 0.01 B MHTEPBasie Temnepatyp 300 — 4,2K.

CXOAHbIA CNTOK YKa3aHHOr0 HOMWHa/IbHOIO COCTaBa (COCTaB MpUBEAEH B
aTOMHbIX J0NAX) Obl1 NPUrOTOBNEH MpeLBapuTeNbHbIM M1aB/eHNEM CMEeCK Yuc-
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