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Abstract: In this paper, the effect of sample length on different currents and frequencies of measurement on 

magneto impedance (MI) of amorphous cobalt based ribbons was investigated. Firstly, we cut the ribbon to 4 cm 

length and then measurements of MI were carried out in constant current of 8 mA and frequency ranges between 

1 to 15 MHz. The maximum sensitivity (9.16 Oe-1) at a frequency of 11 MHz was obtained. Also, the maximum 

extinction field was obtain 41.6 Oe. In the next step, the currents of 6 to 14 mA and the frequencies from 1 to 6 

MHz were examined and in the optima conditions the maximum MI reached to 195%. In the next step, the 

length of ribbon was reduced to 2 cm and the MI was measured at previous currents and frequencies that results 

showed the reduction of MI in the most of conditions. In addition, at frequency ranges between 1 to 15 MHz, the 

maximum sensitivity was 10.2 Oe-1 and the maximum extinction field was 52.3 Oe. As a result, by decreasing 

the length of the ribbon, the MI reduce, but the sensitivity and excitation field increases, which is suitable for 

sensing applications. This behavior can be explained due to the demagnetization field, which is strongly 

dependent on the sample length. 
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1. Introduction 
Magnetic impedance is the change in impedance of a magnetic conductor defined by applying of a constant 

external field [1]. Magnetic impedance has usage in sensors, and sensors based on magnetic impedance [7],[8]. 

are highly sensitive [1],[2],[6]. Annealing, polishing, coating, and stressing methods are used on the sample to 

increase magnetic impedance changes and thus increase the sensitivity of the sensors [3]. Studies and researches 

show that soft magnetic materials have good magnetic properties and show high magnetic impedance effect [4]. 

MI based sensors have more advantages than MR based sensors, and high sensitivity is one of their major 

Advantages [5]. When it passes through the sample of alternating current Iac with frequency . The magnetic 

impedance ratio is defined as a percentage of (1): [9]. 
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Where )( extHZ is the magnetic impedance in the external field and )( maxHZ is the magnetic impedance in the 

saturation filed. In this article, the effect of length change on MI measurements for amorphous base cobalt 

ribbons is investigated. Sensitivity and extinction field parameters have been also investigated. [11]. 

 

2. Experimental  
In this study, basic amorphous cobalt ribbons with chemical formula Co68.15Fe4.35Si12.5B15, which have been 

prepared by fast freezing method (rotating melt method) with lengths of 2cm, 4cm and a width of 1mm, have 

been used to measure changes in magnetic impedance. A tube wire is used to apply a uniform magnetic field 
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along the length of the ribbon. The ribbons were installed on the measuring base and then placed inside the pipe 

wire. The MI is measured by two voltages read by an oscilloscope. One voltage is for the two ends of the ohm 

resistor used to read the current, and the other voltage is for the two ends of the magnetic ribbon and the ohm 

resistor is measured by having these two voltages and using the (1) MI ratio. The reaction of the sample 

magnetic impedance to the external magnetic field is called field sensitivity. The sensitivity parameter is defined 

as Equation (2).  

(2) 
dMI

S
dH

 

 

Where S is the sensitivity, dMI, the change in magnetic impedance, and dH, is the change in the external field of 

action applied to the sample. Another important parameter is the extinction field, and this field is field in which 

the magnetic impedance reaches 1/e [6]. The extinction field for both samples was obtained using origin 

software. In this article, first the changes of MI, sensitivity and extinction field for 2cm ribbon at 8 mA constant 

current and then for 4cm ribbon are investigated.  

 

3. Results and Discussion 

As shown in figure (1), the magnetic impedance changes for the 2 and 4 cm bands are plotted at different 

frequencies using the external field. The diagram shows that as the length of the ribbon increases, the magnetic 

impedance also increases, and this increase in MI is observed at all frequencies. The diagram also shows that the 

maximum magnetic impedance for the 2 cm ribbon per 10 MHz frequency is 121% for a 4 cm long band at 4 

MHz, it is 195%. In total, with increasing sample length, the maximum magnetic impedance increased from 

121% to 195%, the results of which are shown in table 1. 

 

 

 

 
 

Table 1: MI changes for 2 and 4 cm ribbons 
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 Figure 1: Frequency changes of MI for 2 and 4 cm ribbons. 
 

The points shown in figure 1 show the maximum magnetic impedance at different frequencies. Table 1 and the 

diagram show that for 2 cm ribbon at a frequency of 1 MHz, the magnetic impedance is 69% and with increasing 

frequency, the percentage of MI increases and at a frequency of 5 MHz reaches 107%. At 10 MHz, it has grown 

again, reaching a maximum of 121% and has been declining ever since. For the 4 cm band, the magnetic impedance 

at a frequency of 1 MHz is 84% and with increasing frequency the percentage of impedance increases and at a 

frequency of 4MHz it reaches its maximum value of 195%. In total, the maximum magnetic impedance increases 

from 121% to 195% as the bandwidth increases. In the following, the single-peak and double-peak behavior for 

both ribbons and two samples of figures 2 and 3 are shown. For a more detailed study, the magnetic impedance 

behavior up to 25 Oersted field has been measured and plotted.  
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Figure 2 shows that the magnetic impedance for a band with a length of 2 cm at a frequency of 1 MHz has a single-

peak behavior and with increasing frequency, the magnetic impedance behavior changes from single-peak to double-

peak and all frequencies above this behavior is maintained. Figure 3 shows that in 4 cm band and frequencies of 1, 3 

and 4 MHz, the behavior of MI is single-peak and in frequencies above 5 MHz, the behavior of magnetic impedance 

is double-peak, which can be caused by minor changes. Attributed magnetic anisotropy at different frequencies. It 

should be noted that in these figures, due to the greater clarity of the sample, the MI changes related to some 

frequencies have been omitted.  

Then the sensitivity of the samples at frequencies of 1 to 15 MHz, voltage of 400 mV and current of 8 mA for both 

samples were investigated. The pattern drawn for both specimens can be seen in figure 4.  
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Figure 4: Sensitivity in terms of frequency for 2 and 4 cm strips. 

 
As can be seen in figure 4, the sensitivity of soft behavior has not been shown to be due to how it is calculated. 

But in general, it can be said that the sensitivity at frequencies below 4 MHz has increased with increasing 

bandwidth. But at frequencies up to 4 MHz, the sensitivity has decreased compared to the previous state, and 

that frequencies of 10 and 11 MHz, the sample shows increased sensitivity. We also had a decrease in sensitivity 

at 12 MHz and an increase at 15 MHz the maximum sensitivity for the 4 cm band at 11 MHz is 9.16 Oe -1 and 

for the 2 cm band at 6 MHz is 10.2 Oe-1. It should be said that the samples with high sensitivity are more 

suitable for the use of sensors. Then the extinction field related to the bands was calculated and its pattern was 

obtained in terms of frequencies 1 to 15 MHz the results are shown in figure 5. 

Figure 3: Variations of MI in terms of external applied field 

 For 4 cm ribbon at different measurement frequencies. 

 

Figure 2: Variations of MI in terms of external applied field 

 For 2 cm ribbon at different measurement frequencies. 
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Figure 5: Extinguishing field in terms of frequency for 2 and 4 cm ribbons. 

 

Figure 5 shows that the extinction field decreases with increasing ribbon length, and only at 8 MHz, for a 4 cm 

ribbon, the extinction field increases. This seems to be an unexplained data for this frequency in the 4 cm 

ribbon, but in all other frequencies, the extinction field has decreased compared to the 2 cm ribbon. As a result, 

it can be said that with increasing sample length, the extinction field decreases. This behavior can be justified by 

the de-magnetization field, which is strongly dependent on the sample length. In other words, in ribbons with 

longer lengths, less field is needed to reach the magnetic impedance of 1/e. it should be noted that for the 

application of sensors, samples with less extinction field are more suitable.  

 

4. Conclusion 
Based on the tests performed on the 2 and 4 cm long cobalt alloy strips, it can be said that the magnetic 

impedance increase with the increase in the length of the sample. By changing the length of the ribbon from 2 to 

4 cm, the magnetic impedance has increased from 121 to 195%, which is consistent with other results. But the 

sensitivity of the ribbon has decreased with increasing ribbon length. So that the maximum sensitivity for the 2 

and 4 cm ribbon was 10.2 Oe-1 and 9.16 Oe-1, respectively. Also, the extinction field decreased with increasing 

the length of the ribbon and its maximum value was obtained for the ribbon with length of 4 cm 52.3 and 41.6 

Oersted. As the demagnetization field increases with decreasing field length, one can expect a decreases in 

magnetic impedance and an increase in sensitivity and extinction field.  
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