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Abstract—The resonance microwave absorption in amorphous FeSiBNbCu ribbons with different composi-
tions obtained by rapid quenching from the melt has been investigated. It is shown that the effective magne-
tization calculated from the resonance field linearly decreases with increasing boron and copper impurity
concentrations and the total number of nonmagnetic impurity atoms in the iron-based FeSiBNbCu ribbons.
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INTRODUCTION

The rapidly quenched FeSiBNbCu alloys are used
as precursors in fractional crystallization of finemet-
type materials, which are record holders among low-
coercivity ferromagnetic systems [1—5]. These iron-
based alloys find application in magnetic cores of high-
frequency transformers, weak magnetic field sensors,
and strain gauges and in magnetic screens [6—9]. The
interplay of the structure and properties of such sys-
tems was investigated in many studies [10—14], but the
most important questions about the high-frequency
magnetization dynamics [15, 16] remain unanswered.
These investigations are of great importance, since the
current data processing rates require high operational
speeds of elements. In addition, it is well known that
the properties of amorphous alloys are determined to a
great extent by their composition [10, 11, 13, 14, 17—20];
therefore, it is important to investigate the dependence
of their properties upon the change in the amount of
any of the components. In this study, we examine the
resonance microwave absorption in amorphous
FeSiBNbCu ribbons with different compositions
obtained by rapid quenching from the melt.

EXPERIMENTAL

The microwave absorption curves were studied on
a conventional electron spin resonance (ESR) spec-
trometer with a resonator pump frequency of 9.2 GHz
at room temperature. The resonator type used and

localization of the sample in it ensured the zero elec-
tric component of the microwave field. An external
field was applied parallel to the ribbon plane. Three
series of investigated ribbons had different compositions,
specifically, FeCug,Nb;SizsBs, FeCu,ysNb;SigsBg,
and FeCu, sNb;Si4 ;B4 with different copper contents;
FeCu,Nb;Si sBs, FeCu;Nb;Si;(Bs, and FeCu,Si 4B,
with different niobium contents; and FeCu,;NbsSi; sBg,
FeCu,;Nb;Si;;B;, FeCu;Nb;Si;; 5By, FeCu Nb;Sij;Bg,
and FeCu,Nb,Si;,Bs; with different metalloid con-
tents. The magnetization was measured on a Quantum
Design MPMS SQUID magnetometer. The satura-
tion magnetic moment was taken to be the magnetic
moment in an external field of 50 kOe, which corre-
sponded to the complete technical saturation and
exceeded the coercivity by several orders of magni-
tude. The surface topography and ribbon thickness
were controlled on a Hitachi S5500 scanning electron
microscope.

RESULTS AND DISCUSSION

The differential microwave absorption spectra of
the samples contain one ferromagnetic resonance
(FMR) peak with different shapes and positions for
different samples (Figs. 1—3). Using this peak, we
determined the main characteristics of the resonance
absorption, including linewidth AH and resonance
field H.. The AH and H, values were determined by two
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Fig. 1. Differential microwave absorption curves for the
amorphous FeCUO_ZNb3Si16_5B6, FCCUO.SNb3Si16_5B6,
and FeCu, sNb3Sb¢ sBg ribbons with different copper
content. The solid line shows the data fitting by the deriv-
ative of the Lorentzian function.

different approaches. In the first approach, the H,
value was calculated as the arithmetic mean between
the fields of the minimum and maximum on the dif-
ferential absorption curve and the AH value was calcu-
lated as the difference between the fields of the mini-
mum and maximum. In the second approach, we
described the experimental curves by the derivative of
the Lorentzian function, where the AH and H, values
served as parameters providing the minimum squared
deviation of the experimental data from the experi-
ment. The resonance fields obtained by the two meth-
ods differed from each other by no more than 1—3%;
therefore, hereinafter, we use only the parameters AH
and H, obtained by the second method (Table 1). The
chosen measurement geometry allows us to use the
Kittel formula for an ideal infinitely thin ferromag-

ds/dt, arb. units

Fig. 2. Differential microwave absorption curves for the
amorphous FeCu;NbsSig 5B, FeCuy sNb3SijgBg, and
FeCuNb;Sb 4B ribbons with different niobium content.
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netic plate (the ratio between the ribbon thickness and
the measured sample length is ~0.003) to calculate the
effective magnetization M, from the H, value:

1 (@Y’ - H;
4 H, '

r

M

eff =

(1)

In our experiment, the /7y value was 2900 Oe.

The linear decrease in the effective magnetization
calculated using Eq. (1) with increasing impurity con-
centration (Fig. 4) generally corresponds to the con-
cept of amorphous alloys as solid solutions with
unlimited solubility [1, 3]. The linear extrapolation of
the data series (magnetization as a function of the total
number of impurity atoms) to zero concentration
yields a magnetization of about 1700 G, which is very
close to the magnetization of pure bcc iron (Fig. 4).
The effective magnetization includes the spontaneous
magnetization and other contributions to the internal
magnetic field, in particular, the induced magnetic
anisotropy field and demagnetizing field, which can
be caused by the surface roughness of the ribbon.
Therefore, to compare three samples with different
boron contents, we measured the saturation magneti-
zation equivalent to the spontaneous magnetization of
the ribbon using a vibrating sample magnetometer.
According to the conventional magnetometry mea-
surement procedure, the sample was preliminarily
weighed, which allowed us to calculate the magnetiza-
tion in units of G cm?/g (emu/g). To make a compar-
ison with the effective magnetization, we needed to
estimate the magnetic moment per unit volume (G).
Therefore, the thickness of some ribbons was mea-
sured also on a scanning electron microscope (Table 2),
which, in turn, made it possible to estimate their den-
sity and, then, magnetization in the required units.
The quantitative comparison of the M, data from Table 2
and the M data from Fig. 4 shows their good agree-

FCCH]NB3Si]4BS
FCCU]NB;Si]gBG
FeCulNB3Si ]3.5B8

FCCLI]NB3Si]3_5B9

ds/dt, arb. units

~ FeCu;NB3Sij;3B3

0 1000 2000 3000

H, Oe

Fig. 3. Differential microwave absorption curves for the amor-
phous FeCuNbSiB ribbons with different metalloid content.
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Table 1. Parameters of the ferromagnetic resonance of the FeCuNDbSiB alloys with different compositions

Feature of the alloy series Alloy H, Oe AHpyg, Oe

FeCu, ,Nb;Sig 5B 870 240

Different copper content FeCuq sNb3Sij sB¢ 900 520
FeCu, sNb;Si¢ sBg 940 550
FeCu,;Si;¢Bg 830 420

Different niobium content FeCu,;Nb;Si 4By 810 920
FeCu;NbsSi¢ sBg 950 320
FeCu;Nb;Si 4B; 790 370
FeCu;Nb;Si3Bg 840 560

Different metalloid content FeCu;Nb;Si; 5By 830 380
FeCuNbsSi; 5Bg 930 400
FeCu;NbsSi;3B3 1150 220

The errors of determination of H, and AH are hereinafter 20 and 10 Oe, respectively.

Table 2. Thickness and density of some FeCuNDbSiB ribbons

Ribbon composition Ribbon thickness, um Density, g/cm? M, G

FeCu;NbsSi;3B3 22.0 7.6 £0.4 790

FeCu Nb;Si;; 5By 18.0 7.0£0.3 750

FeCuNb;Si ;B¢ 16.5 7.85+0.14 850

FeCu;Nb;Si;;Bs 15.0 8.29 £ 0.11 —

ment. A slight (within 10%) excess of the M, value over
M. can be related to the demagnetizing fields induced
by the ribbon surface roughness, which can be seen on
its cross section with a scanning electron microscope.

Concerning the absorption linewidth AH (Table 1),
no noticeable dependence of this parameter on the
chemical composition of the ribbons was observed.
The linewidth is fairly large and ranges from 220 to
920 Oe. The main contribution to the linewidth of the
investigated ribbons is made by the so-called nonuni-
form broadening caused by the nonuniformity of the
local parameters of a ribbon (the magnetization and
magnetic anisotropy field) [15, 21—24]. This nonuni-
formity, in turn, can be related to both the natural
fluctuations of the chemical composition and techno-
logically induced gradients, including the stress gradi-
ent in the transverse direction of the ribbon surface.
Thus, the AH value can be used in the comparative
estimation of such inhomogeneities in different rib-
bons. It may be noted that the narrowest lines are
observed in the alloys with the minimum copper con-
tent and the maximum boron content. It is well known
that, during crystallization of the amorphous alloys of
this family, copper clusters primarily form [25]. Thus,
it is the copper additive that makes a decisive contribu-
tion to the development of the chemical nonunifor-
mity of the alloy at the early stages of crystallization.
The boron impurity in these alloys plays the role of a

INORGANIC MATERIALS: APPLIED RESEARCH  Vol. 11

stabilizer of the nonequilibrium amorphous state;
therefore, it can be expected that an increase in its
concentration should lead to homogenization of the
alloy, since the limiting disorder in the spatial arrange-
ment of atoms corresponds to the highest spatial
homogeneity [1, 3].

10 15 20 25 30 35 40 45 50
Percentage of impurity atoms

0 5

Fig. 4. Effective magnetization of the amorphous
FeCuNDbSIiB alloys as a function of (@) the total B + Si +
Nb + Cu content, (A) B content, (O) Nb content, and
() Cu content.
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CONCLUSIONS

The linear decrease in the magnetization of the
iron-based amorphous FeSiBNbCu ribbons with
increasing concentration of the boron and copper impu-
rities and the total number of impurity atoms was estab-
lished using the ferromagnetic resonance method. Study
of the ferromagnetic resonance linewidth points out
possible ways of controlling the uniformity of the alloy
upon variation in its composition.
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