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INFLUENCE OF MECHANICAL TENSION
OF THE FMR SIGNAL IN THE AMORPHOUS
ALLOY FeNiSiB

JAKAL, K., BRNUSAK, S..," KOSICE

The influence of the tensile tension o on the ferromagnetic resonance signal in the
X band (f = 9.65GHz) of an amorphous FeNiSiB ribbon has been investigated at
foom temperature. Two absorption maxima were observed. Absorption in a low
magnetic field was not tension dependent. The saturation magnetostriction coefficient
A, was estimated from the second absorption maximum which depends on tension.

L INTRODUCTION

The method of the sample preparation which influences its anisotropy is one
of the factors determining the behaviour of the sample at the ferromagnetic
resonance. It is generally known that also amorphous ferromagnetic materials
prepared by a rapid quenching exhibit anisotropy, which could be lowered by
annealing at temperatures below the Curie point [1]. The anisotropy field & ’
may be expressed by means of an anisotropy coefficient K [2]. The contribution
of the anisotropy field to the Tesonance condition of the sample is described by
the expression M H ,.

An increase of the applied magnetic fied intensity H, causes a change of
geometrical dimensions of the ferromagnetic material. This magnetostriction is
characterized by the A coefficient. We suppose in accordance with [3] that the
magnetostriction of an amorphous ferromagnetic sample is isotropic. There is
also an inverse effect — an applied mechanical tension causes an additional field
in the sample. The volume density of the magnetoclastic energy F, could be
expressed according to [4] in the following way:

E = — W\@Qoo% D,

where @ is the angle between the direction of the acting tension and the vector
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ossibility of a continuous transition n:ocmr. the zero value of Ea

.Hran.w field was obtained by an appropriate connection of the magnet coils.

.ﬂw mwmhnanaoa of the FMR signal is illustrated in Fig. 2, where By, denotes the
e

5 resonance field of the main resonance peak.

B, =y, 27
must be included jn the effective field under the general resonance conditiop
Here J, is the magnetic polarization i the state of Saturation and Hy is the
permeability of the vacuum,

Thus _.zoE&:m both mentioned contributions the Tesonance equatjop for the
thin ribbon magnetized in jts length direction will have the form &

@y 1 3o .
— = m\+r.~hl H) + = 1
, Hotl, NA HH),) Swh ()

where the symbols a, and 7 have their usua] meaning. With varying tension o
the change of the resonance field HoH, occurs as it follows from €q. (1). Accord-
Ing to eq. ( 1) the difference between the two resonance fields, Corresponding to :
the different tensions g, and Oy, may be written as:

Fig. 1. Application of tensile tension on a rib-
bon sample in FMR measurements,

HI. RESULTS AND DISCUSSION
34
=
where By = p,H,. The dependence described by eq. (2) will be linear when 1 is

oosmﬂmi..;mmmmgoomma when the sample is in the state of Ewm:QOmﬁomg
Saturation, where 4 — A, .

For = B = ~H | We have measured the dependence of the resonance field on ﬁa time duration
By = By, (1) (Fig. 3.) as well as on the acting mechanical tension By = By,(0)

(Fig.4.). The acting time at each load was the same.

(0, ~ o)) @

1L EXPERIMENTAL
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4s a sample. Its &cometrical dimensjons were of a 2.75 x 103 width,"a
3.05 x 105m thickness and g 10 x 102m length, but the active length in the
cavity was 2.3 x 1072 m (see Fig. 1). The chemical composition of the ribbon,’
given by the producer only qualitatively, consists of Fe,Ni, Siand B.

Fig. 2. Derivation of absorption signal of the amorphous FeNiSiB sample.

We can see from Fig. 3. that there are no considerable changes ow 3@. By, moE

if the action time of the load exceeds 100 minutes. The same action time
= Sminutes was used at each loading because of time. Linear extrapolation of
the By, vs. the o dependence for o < 40 MPa yielded the value 97.4 mT for B,
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at zero tension (0=0). The slo
—8.03509 x 107" Tm2N-1

on.J

»Em:wa by means of 4 magnetometer Thuys mﬁ o
= A,, we have obtained the value of the Emwzmws
O~

Tensile tension

6= 200 Mp,

4

Fig. 3. Dependence of resonance field B, vg

tension acting time at constant loading

m Fig. 2. that i . ‘
d at the field considerable mcmo:x._o: changes are at the low
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magnetic field and a By, Th i
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Therefore the shape of the reson,
the variations of . -
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Fig. 4. Depen 1
Fig Pendence of Tesonance field B, vs, tension at constant acting time of load.

_ MBMMQQ_: Situation arises ag regards the absorption at the By, field. Its
e Mmﬂ ue1s 75mT at Fn. used tensions and s larger than the value of By,
a Eouon.m _oﬂBmm:QomH:o:os. Therefore the expression 3y,A,0. (2J,) ! will

lonal to oat ¢ i 1 lepende |
s he B, fields, which results from a linear dependence Byj
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Analysing the reasons of a considerable dispersion of the By, values in the
nR:BEmQ measurements we conclude that the resonance field is considerably
dependent on the duration of a load action before the beginning of the signal
recording.

The coeficient 4, for amorphous materials with a similar composition studied
in [5, 6] is lower than the one we have obtained. We assume that this difference
is caused by the finite penetration depth of the high frequency energy absorp-
tion. Our experimentally estimated A, belongs to the ribbon surface, whereas the
ribbon bulk culd have other magnetostriction properties.

IV. CONCLUSIONS

Our experimental results confirm that an additional magrnetic field B_ has to
be assumed when the tensile tension is acting on a sample. The FMR method
is capable of detecting the variations of this field. The dependence of the
resonance field B, on time during which the tension acts on a sample was
obtained. This dependence would be useful in studying the time evolution of the
deformation processes in such materials. The changes of the h. f. energy absorp-
tion were observed in the vicinity of the zero value of the applied field B,, where
only a part of an absorption line was observable. With increasing tension the
changes at higher fields results in the shift of the resonance line towards the
lower fields. Some authors [7] connect the absorption in polycrystalline samples
at low fields with the changes of their domain structure. Investigation of the
FMR absorption and of the domain structure simultaneously could answer the
question of the validity of this assumption also as regards amorphous materials.
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