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In this paper, it is reported the Giant Magnetoimpedance (GMI) effect and the saturation magnetization of amorphous alloys system of
(Fera—zC0,;)NbgB10SiiiCwi (z = 35 and 40 at. % Co) obtained by the melt spinning technique. It was investigated the Ml effect at
different frequencies with a dc applied magnetic field. Low maximum MI ratios were found for the studied alloys and a higher value of
10.3 % was obtained for the alloy of composition= 35. It was observed that the MI response depends considerably upon the particular
magnetic structure of the sample and the used frequency range. The hysteresis curves showed the magnetic softness of the samples an
higher saturation magnetization value was obtained for the alloy of compositioB5.

Keywords: Amorphous magnetic materials; magnetoimpedance; magnetization.

En este aftulo se reporta el efecto de Magnetoimpedancia (Ml) y la magnebzadé saturadin de aleaciones amorfas del sistema
(Fer2—»C0,)NbgB19SiiiCui (x = 35y 40 at. % de Co) obtenidas por kchica de la ruedaifi. Se investig el efecto de MI a diferentes
frecuencias con un campo maico aplicado dc. Se encontraron valores bajos eréeinma rabn de cambio en la Ml para las aleaciones
estudiadas, obtemndose un valor mayor de 10.3 % para la al@acie composidéin x = 35. Se obser® que la respuesta en la Ml depende
considerablemente de la estructura négga de la muestra y del rango de frecuencia utilizado. Las curvas éeelsistmostraron el com-
portamiento maggtico blando de las muestras y se obtuvo un valor mayor de magnétizéeisaturadin para la aleabn de composiéin

r = 35.

Descriptores: Materiales mageticos amorfos; magnetoimpedancia; magnet&aci

PACS: 75.50. Kj; 75.60. Ej.

1. Introduction also it is a very useful tool in the basic magnetic character-
ization of soft magnetic materials [6]. This article presents

Amorphous magnetic alloys are commonly produced by thdhe obtained results qf the Giant.Ma_gnetoimpedance (GMI)
melt spinning technique. The most important applications offfect and the saturation magngtlzatlon of amorphous alloys
these materials are based on soft magnetic properties (higystem of (Fe;_Co,) NbsB10Si1Cuy, for z = 35 and 40
magnetic permeability, low coercitive field and high satura-at- % Co.

tion magnetization), which make these alloys be applied in

magnetic sensors, magnetic recording heads, etc. [1]. Ip  Experimental procedure

1992, it was discovered the Giant Magnetoimpedance (GMI)

phenomenon [1] in the amorphous magnetic materials. ThiMeasurements of the Giant Magnetoimpedance effect of the
phenomenon consists of large changes in impedance wheamples were performed on an electric impedance analyzer
the material is subjected to an external dc magnetic fieldequipment, using a frequency range of the current applied
The GMI was investigated for the first time in FeCoSiB from 0.5 to 20 MHz and with a magnetic field applied paral-
amorphous ribbons based on their possible applications ilel to the sample, in a range from -80 to 80 Oe. Amorphous
the manufacture of magnetic sensors [2]. Subsequently, iibbons of 7 cm long and 1.1 mm wide were used for the
was investigated the effect of GMI in @o,Fe; ¢Sii5B1g GMI measurements. For measurements of saturation mag-
amorphous ribbons [3] and g9;Fe, 4Sii> 5B15 amorphous  netization, magnetic hysteresis curves were recorded using a
wires [4]. Since then, there have been numerous studies anagnetic field of 1.1 T in a Vibrating Sample Magnetome-
the GMI effect in a wide variety of soft magnetic alloys such ter (VSM). GMI and saturation magnetization measurements
as FINEMET (FeNbBSiCu) and Co-based alloys. Howeverwere performed at room temperature.

it has been reported little in the literature about this effect in

(FeCo)NBBSICu alloys [S] 3. Results and discussion
The GMI phenomenon has attracted much attention be-

cause of its tremendous prospects in technological applicdn Fig. 1 is presented the results of the GMI effect for the
tions, especially in the design of magnetic sensors [2], bualloy of composition Fg Co35NbgB1¢Si;1 Cuy .
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FIGURE 1. Change ratio in the total impedancdeZ/Z, the resis-
tanceAR/R and in the reactana&X/X, as a function of the mag-
netic field for the amorphous alloy compositiors 35 at different
frequencies.

FIGURE 2. Change ratio in the total impedandeZ/Z, the resis-
tanceAR/R and in the reactanc&X/X, as a function of the mag-
netic field for the amorphous alloy compositiors 40 at different
frequencies.

It is shown the dependence of the change ratio in totalvhich is the relaxation frequency,, for this alloy. For the
impedance, resistance and reactance in the frequency ranggoy of compositionz = 40, f, is 9 MHz.
of 0.5 to 20 MHz. It is obtained a maximum change ratio For both a||oysy the spectra of GMI present a Sing|e and
of 10.3 % for the total impedance, 22.7 % for the resistancgjouble peak behavior. The double peak behavior is due to
and 21.6 % for the reactance. The GMI spectra obtained ifhe rotation of the magnetization produced by the ac current
a frequency range 1 to 20 MHz for the alloy composition across the ribbon, as it is reported in Refs. 7 and 8.

Fe32Co49NbsB11SiigCuy are shown in Fig. 2. It is obtained The Table | shows the obtained results of the GMI spectra
a maximum change ratio of 3.4 % for the total impedancefor the alloys of study.
5.9 % for the resistance and 9.4 % for the reactance. The difference between the values of Ml for each simple

For the alloy of compositiom = 35, the maximum change can be due to the modification of the magnetic structure of
Ml ratio, (AZ/IZ)max, is reached at a frequency of 6 MHz, the material [8], when Fe atoms are substituted by Co atoms,
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The increasing in the change MI ratios up to the relax-

TABLE |. Maximum change ratio in the impedanceé\4/Z)max, ation frequency is due to the electromagnetic skin effect, as it
in the resistance, XR/R)nax, in the reactance,XX/X)max, and is reported by Rahmaet al,, [11].
relaxation frequency,f,, for the amorphous alloys system of The hysteresis curves of the alloys= 35 and 40 are
Fer2—2C0:NbsB11SiioCui. shown in Fig. 3. It is observed a high saturation magneti-
Composition  AZ/Z)max  (AR/Rlnax  (AXIX)max ~ fa zation and a low coercitive field; these features identify the
(at. % Co) %) %) %) (MH2) soft magnetlc behavior of both aIon;. From the hysteresis
curves, it was calculated the saturation magnetizatian)(
x=35 10.3 22.1 217 6 and the coercive magnetic field() values for the alloys of
x=40 3.4 5.9 9.4 9 study, as it is shown in Table II.

It is observed that the saturation magnetization increases
TABLE II. Saturation magnetization)Ms) and coercitive field ~ When Co content is increased; it was obtained a value of 71
(Hc) for the amorphous alloys = 35 andz = 40. emu/g (0.70 T) for the sample= 35 and a value of 83 emu/g
(0.82 T) for the sample = 40. These results are according

Composition Ms(emu/g) Hc(Ce) to the reported values by Zbroszczgkal, [12] for alloys of
X =35 71 5.4 the system Fg 5_,C0,Si;35B9NbsCu; when z increases
X =40 83 2.9 from 0 to 0.7 at. % Co. The addition of Co in these alloys
increases the saturation magnetization about 3 % and the val-
— : ues of the coercive magnetic field decrease. Similar results

80 | =1 Fe;,Co55NbgB,;Si1oCu, . - - were reported in literature [13] for FINEMET and NANOP-
L —=—Fe3,C0,4oNbgB;Si;oCu, | ERM alloys systems added with Co, in which the saturation
60 |- | 7 magnetization increases at room temperature.
an L T _ By the other hand, thé/s value of 0.70 T of the al-

I | loy x = 35 is near to the obtained value (1.19 T) for the
amorphous alloy of similar composition f€03,NbgB;;

3 20 |- e _ _

s Si;oCuy, reported in Ref. 14.

€ o

2 |

= . 4. Conclusions
-40 - 7 The maximum Ml ratios obtained for the alloys composition
- [ ] x = 35 and 40 were 10.3 % and 3.4 %, respectively. The

i | difference between the obtained values can be attributed to
_80F _J 4 the change in the magnetic structure of the material, when
. . i . 1 . . replacing Fe by Co, which affects the magnetic permeability
e SIS g S0 10000 and consequently the impedance of the material. The amor-
H(Qe) phous ribbons studied do not presented a GMI effect as that
FIGURE 3. Hysteresis curves for the amorphous allays 35and  presented in Finemet and Co-based alloys. The dependence
40 at room temperature and an applied magnetic field of 1.1 T.  of the Ml ratios with the frequency and the applied magnetic

field is mainly due to electromagnetic skin effect. Magneti-

affecting the magnetic permeability and consequently, th‘%ation measurements revealed the soft magnetic behavior of

impedance of the material. By the other hand, as it can S€fhe alloys under study and an increase in saturation magneti-

from the Table .I’ the values of the maximum change rat'.ozation of the samples with higher Co content was obtained.
in the magnetoimpedance for the alloys are very small in
comparison with the obtained value B0 %) for the amor-
phous ribbon of composition GgFe;; B1; reported by Cois- Acknowledgements
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