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In this paper we have anayzed the crystalization effect on the gal vanomagnetic properties
of Cor,Fe;B17SisMn, amorphous ribbons prepared by rapid solidification from the melt. The
samples were thermally trested at 600°C in argon amosphere for 2.5 hours. Results
concerning the Hall resistivity, the ordinary Hal coefficient Ro, the spontaneous Hall
coefficient R, longitudind and transversal magnetoresistance and ferromagnetic anisotropic
resistivity (FAR) for as-cast and thermally treated sampl es are presented.
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1. Introduction

Amorphous metallic aloys have been the subject of extensive investigations over the last
two decades because of their interesting eectronic transport and magnetic properties. The
Cor,FeB1;SisMn, amorphous ribbons are excellent soft magnetic materials having nearly zero
magnetostriction and a very low magnetic anisotropy induced during the fabrication process.
Structural changes are obtained in these materials by heat treatments and, as a consequence, the
magnetic, magnetoe astic and d ectric properties of the material change[1, 2].

In this work we have studied the influence of the thermal treatments on the Hall Effect,
magnetoresi stance and ferromagnetic anisotropic resistivity (FAR) in CozFeB1,SisMn, amorphous
ribbons prepared by the melt spinning technique. Measurements of Hall Effect and
magnetoresistance are important sources of information for ferromagnetic materials, such as
structural characterization, eectronic transport and magnetic properties. The amorphous ribbons
weretested in the as-cast state and after thermal trestment.

2. Theory

The Hall resistivity, pu, versus magnetizing field curve is fitted by the formula (in em.u. as
generally used in literature):

PH =Ey/jx=hVy /iy =RoBz + Rs4rM 7, )

where: jx is the eectric current density, E, is the eectric fidd, Vy is the Hall potential, h is the
sample thickness, iy is the current passing through the sample, B, isthe magnetic induction, M, isthe
magnetization, Ry is the ordinary Hdl constant, Rs is the extraordinary (or spontaneous) Hall
constant.
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From experimental point of view, the variation of py with the applied fidd, H, is more
relevant than with B. In this case, Eq (1) can berewritten as:

PH =Ro[Ha +47M (1-N)|+ Rg47M )

where N is the demagnetizing factor.

At saturation it follows that H,=41M, and the Hdl coefficients R, and R are determined
directly from py or Vi curve[3].

Usually, the magnetoresistance is characterized by rdative change of resistivity
Aplp = [p(H)-p(0)]/p(0) in magnetic fied. It is possible to evauate the ferromagnetic anisotropic
resistivity from Apy/p and Apd/p. The curves Apyp = [py(H)-p(0)]/p(0) and Apd/p = [p(H)-p(0)]/
p(0) versus agpplied magnetic fidd are obtained experimentally by locating the ribbon sample with
its longitudinal axis parald and perpendicular to the magnetic field but with its plane pardld to the
magnetic fid d. From these curves we calculated the ferromagnetic anisotropic resistivity defined as
(p-po)/p, where py and py are the resistivities of the sample obtained in a saturating magnetic field
aligned paradld and perpendicular to the current direction, respectively, and p is the dectrica
resistivity measured in zero magnetic field [1,4].

3. Experimental

The nearly zero magnetostrictive amorphous ribbons prepared by the melt spinning
technique with nominal composition Co,,FeB;;SisMn, were tested in the as-cast state and after
thermal treatment at 600 °C for 2.5 hours in a furnace in argon amosphere ensuring a uniform
heating of the sample along its length.

The amorphous state of the samples and the evolution of the crystalization process after
thermal treatment were examined by X-ray diffraction and differential thermal andysis (DTA).

The samples were typicaly 27-10° x 3-10° x 45.10° m® in dimensions and the el ectrical
contacts on the samples were made by using silver paint. The samples's support was obtained by
masking and etching. The Hall voltage measurements were carried-out by the Van der Pauw method,
at room temperature[2]. In our geometry N L 1 and then Eq. (2) becomes:

PH =RoHa +Rs47M ; ®)

The results are analyzed considering that, as indicated by Hurd, the slope of the curves
below technical saturationis Rg and at high fiddsis Ry [3].

The longitudina and transversal magnetoresistance measurements on the applied magnetic
fiedd (H) up to about 28 KAm™* were performed at room temperature. These measurements were
realized by rotating the sample inside of the solenoid to locate the ribbon with its long axis paral e
and perpendicular to the magnetic fidd but with its plane paralld to the magnetic fidd. The
experimental results were obtained using a constant current power supply and a digital
nanovoltmeter by means of a standard four-probe method in dc current.

4. Results and discussion

Fig. 1 presents the dependence of the Hal resistivity on the applied magnetic fied for
Cor.FeB17SisMn, amorphous ribbons tested in the as-cast and crystallized state. The value of the
Hall resigtivity for the melt-spun ribbons increases continuoudy with the applied magnetic fidd up
to about 12 kA/m and then it approaches saturation.

The changes of the Hall resistivity in CozFe:B17SisMn, amorphous ribbons after thermal
treatment are dueto the structural relaxation that affects the magnetic stability, important changes of
the saturation magnetostri ction being d so observed.

The magnetic stability of an amorphous dloy is rlated not only to the variation of the
induced magnetic anisotropy, but aso to the vdue of the magnetostriction. In the as-cast state the
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saturation magnetostriction value is quite small (about 107) and negative and its shifts to positive
va ues after annealing [2].

The magnetoresistance dependence on the applied magnetic fidd for Co;FeB17SisMny
samples in the amorphous and crystallized state, respectively, is presented in Fig 2. After thermal
treatment the asymmetry of the curves with respect to the fidd axis practically disappears because
the induced magnetic anisotropy aong the longitudinal axis of the ribbons is diminated by thermal
treatments and the crystallites are randomly oriented.

The value of FAR (+4.74 x 10™) for crystallized samples is quite similar to that of the as-
cast samples (+4.35 x 10™). The values of the Hall coefficients Ry and R of the studied samples are
presented in Table 1.
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Table 1. The Hall coefficients Ry and Rsfor CozFe;B17;SisMn, samplesin the amorphous and
crystallized states.

Material Ro (10° m*/As) Rs (107 mYAs)
! as-cast crystallized as-cast crystallized
CorzFeBuSisMna 172 0.84 26.35 7.24

5. Conclusions

The Hdl resistivities, py, for CozFeB17SisMn, amorphous and crystalized ribbons as a
function of applied magnetic field are presented.

The value of the Hdl resistivity of amorphous ribbons increases continuously with applied
magnetic fiel d to about 12 kA/m and then it approaches saturation. After thermal treatment at 600 °C
for 2.5 hours, a remarkable change in the Hall resistivity is observed due to the thermally induced
magneti c anisotropy.

The ferromagnetic anisotropic resistivity (+4.74 x 10 for crystallized samples is quite
similar to that of the as-cast samples (+4.35 x 10°%).

References

[1] H. Chiriac, M. Lozovan, M. Neagu, Mater. Sci Eng. A304-306, 1023 (2001).

[2] H. Chiriac, M. Lozovan, M. Neagu, C. Hison, J. Magn. Magn. Mater. 215-216, 378 (2000).
[3] C. M. Hurd, Hdl Effect in Maa s and Alloys, Plenum Press, New Y ork, 1972.

[4] M. Neagu, H. Chiriac, M. Lozovan, Sensors Actuat. A106, 73, (2003).



