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ABSTRACT 
The structural and magnetic properties of Fe73.5-xCrxNb3Cu1Si13.5B9 alloy ribbons have been 
studied after appropriate processing achieving nanocrystalline structure and showing ultrasoft 
magnetic behavior, especially giant magnetoimpedance effect, GMI[1]. Characterization has 
been performed by X-ray diffraction (XRD), vibrating sample magnotometry (VSM), GMI 
measurements and atomic force microscopy/magnetic force microscopy (AFM/MFM). Partic u-
lar attention has been paid to observation of domain structure by MFM imaging. A periodic 
stripe domain structure is generally observed. A comparison between structural and magnetic 
properties (i.e. coercivity, remanence) and magnetic domain structures of above compounds is 
presented, and such properties are analyzed in connection with the GMI effect . 

INTRODUCTION 
It is now twelve years since the giant magneto-impedance (GMI) effect was observed [2-4]; 
this effect consists of a large variation of the impedance, Z, both real and imaginary compo-
nents of a soft magnetic conductor, when submitted to a relatively small do magnetic field or 
a stress. Sensitivity of up 500%/Oe has been observed in the very low must obey (less than 1 
Oe) field region. In agreement to existing results, to observe GMI, the material has to have 
good soft magnetic properties (i.e. high permeability and low coercive force), and appropri-
ate domain structure (typically, a transverse one for ribbons in plane, transverse to the ribbon 
axis and to the applied dc field as well), and a circumferential one for wires.  The structural 
and magnetic properties of the alloy ribbons Fe 73.5-xCrxNb3Cu1Si13.5B9 with x = 0 and 10 are 
studied here by X-ray diffraction (XRD), vibrating sample magnetometry, GMI measure-
ments and atomic force microscopy/magnetic force microscopy (AFM/MFM).  A compari-
son between structural and magnetic properties and magnetic domain structures of above 
compounds is presented, and such properties are analyzed in connection with GMI effect. 
 
EXPERIMENTAL DETAILS 
The samples structure was analyzed by X-ray diffraction in a D8 Advance Bruker AXS dif-
fractometer using a CuKα1 radiation. In addition, a SPM Autoprobe CP (Park Scientific 
Instruments) was used for investigator of the domain structure. The two-pass technique was 
used for MFM image, both topography and magnetic were obtained simultaneously.  
 The spectra were taken at room temperature. The magnetic characteristics such as saturation 
magnetization Ms, coercivity Hc, were measured by a vibrating sample magnetometer for H 
up to 10 KOe. 
The magneto-impedance ratio with applied magnetic field is defined as [5]: 

                                                             
1  Director of  Laboratory of Magnetism:  arosales@epm.net.co. 
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Z(H) is the impedance measured at the DC field H. Z(HMax) is the impedance measured at the 
maximum DC field H (HMax = 75 Oe).  The magneto-impedance was measured by using the 
so-called four-point method by which a given AC current flows along the magnetic conduc-
tor and a voltage is picked up its ends, as is illustrated in block diagram of the figure 1. The 
measurements were performed at room temperature in the frequency range 0.1 < f < 12 MHz. 
 

 
Figure 1. GMI Technique Block Diagram. 

 
RESULTS 
 

               
   (a)                                                                                    (b) 

 
Figure 2.: Reactive, ∆X/X, and Resistive ∆R/R, components, and total Impedance, ∆Z/Z for a ribbon at 
different frequencies:  (a) Fe73.5Nb3Cu1Si13.5B9.   (b) Fe63.5Cr10Nb3Cu1Si13.5B9  

 
For the Fe73.5Nb3Cu1Si13.5B9 alloy ribbon, in the low frequency regime    (f < 1 MHz), ∆Z/Z, 
displays a sharp peak at the DC magnetic field H = 0 (single peak behavior). The amplitude 
of the ∆Z/Z increases and the peaks becomes broad but reasonably well defined with increas-
ing frequency. The change of impedance is attributed to the magneto-inductive effect arising 
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from the transverse magnetization process. Our results in the low frequency regime are in 
agreement with those previously observed in alloy ribbon nanocrystalline. 
 
For higher frequencies (3 < f < 5 MHz), the ∆Z/Z peak splits into two symmetric broad peaks 
at H + > 0 and H - < 0, with H + = H - (two peaks behavior). The amplitude of the ∆Z/Z de-
creases and the position of the broad peaks show a slightly frequency dependence. The re-
sults that we obteined in the intermediate frequency regime are in agreement with those pre-
viously observed in alloy ribbon nanocrystalline [6].  The ∆Z/Z behavior in 
Fe63.5Cr10Nb3Cu1Si13.5B9 found at the whole frequency interval of measurements is similar to 
the ∆Z/Z behavior observed in Fe73.5Nb3Cu1Si13.5B9, but the frequency limits where single 
peak regime and two peaks regime are observed in Fe63.5Cr10Nb3Cu1Si13.5B9 are higher than 
observed ones in Fe73.5Nb3Cu1Si13.5B9. 
                                                                       

 
(a)                                                       (b) 

Figure 3.: The frequency dependence of  ∆Z/Z for: (a) Fe73.5Nb3Cu1Si13.5B9. (b) 
Fe63.5Cr10Nb3Cu1Si13.5B9.  

 
For the Fe73.5Nb3Cu1Si13.5B9 alloy, in the low frequency regime (f < 1 MHz),  The frequency 
dependence of  ∆Z/Z for Fe73.5Nb3Cu1Si13.5B9, ∆Z/Z reaches a maximum value (~5%) at 
frequency of 1Mhz.. For f < 2Mhz ∆Z/Z displays a single peak behavior. For f > 2Mhz ∆Z/Z  
displays a two peaks behavior (H?0).  For Fe63.5Cr10Nb3Cu1Si13.5B9, ∆Z/Z reaches a maxi-
mum value (~40 %) at frequency of 10Mhz.; ∆Z/Z Fe63.5Cr10Nb3Cu1Si13.5B9 is higher than  
∆Z/Z  for Fe73.5Nb3Cu1Si13.5B9. This difference in the values ∆Z/Z can be mainly attributed to 
the differences in the electrical resistivities of these alloys [7]. 
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                                                     (a)                                                                           (b)        

Figure 4. : The hysteresis loops for: (a) Fe73.5Nb3Cu1Si13.5B9.  (b) Fe63.5Cr10Nb3Cu1Si13.5B9. 
 

The saturation magnetization are: 142 emu/g for Fe73.5Nb3Cu1Si13.5B9, and 30 emu/g for 
Fe63.5Cr10Nb3Cu1Si13.5B9  alloy ribbon.  
 

 
                                               (a)                                                               (b)                     

Figure 5.: MFM domain structure. (a) Fe73.5Nb3Cu1Si13.5B9.(b) 63.5Cr10Nb3Cu1Si13.5B9. 

MFM images show a magnetic domain structure reasonably well defined, but the magnetic 
domain structure of Fe63.5Cr10Nb3Cu1Si13.5B9  is better defined than one observed in 
Fe73.5Nb3Cu1Si13.5B9. 

 
                                                     (a)                                                          (b) 

Figure 6.: AFM topography images. (a) Fe73.5Nb3Cu1Si13.5B9.  (b) Fe63.5Cr10Nb3Cu1Si13.5B9. 
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The topographic image shows a grain structure reasonably well defined, but the grain struc-
ture of Fe73.5Nb3Cu1Si13.5B9 is better defined than the observed one for 
Fe63.5Cr10Nb3Cu1Si13.5B9. The overall grain size for Fe73.5Nb3Cu1Si13.5B9 was 0.32 µm and it 
for Fe63.5Cr10Nb3Cu1Si13.5B9 was 0.18 µm. 
 

The XRD pattern for Fe 73.5Nb3Cu1Si13.5B9 
shows a broad peaks reasonably well defined 
which resembles the nanocrystalline state in 
agreement with the grain structure obtained 
by atomic force microscopy in the same 
sample. 
 
CONCLUSION 
Based on figures (2a,2b); (3a,3b) (4a,4b), 
and (5a,5b), we can observed that ∆Z/Z of  
Fe63.5Cr10Nb3Cu1Si13.5B9 is greater than ∆Z/Z 
of  Fe73.5Nb3Cu1Si13.5B9, due to the domain 
structure and the magnetic characteristics of 
Fe63.5Cr10Nb3Cu1Si13.5B9 are better. 
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Figure 7.: XRD pattern for Fe73.5Nb3Cu1Si13.5B9  


