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Giant Magneto Impedance (GMI) sensors use impedance variation provoked by an external magnetic field. 

The purpose of this paper is to study the shape effect in wounded GMI sandwich by means of demagnetizing 

field coefficient computation and his contribution on intrinsic sensitivity magnitude. We first discuss analytic 

expression of wounded GMI impedance next, and then we derive analytic modelling of intrinsic sensitivity. 

Finally we compare the theoretical modelling with experimental results taking into account shape effect.  

 
Introduction 

Giant Magneto Impedance (GMI) sensors use impedance 

variation provoked by an external magnetic field. GMI effect 

has been pointed out in ferromagnetic wires [1], microwires 

[2], ribbons, sandwiches [3] and transverse or longitudinal 

wounded sandwiches [4]. Their sensitivity to weak magnetic 

fields, low mass, and robustness could make them suitable 

for many applications and especially for space 

magnetometers application [5]. The invoked physical 

mechanism implies that magnetic field modifies the dynamic 

magnetization of the magnetic material and consequently the 

susceptibility tensor. This last one modifies the skin depth 

and finally the impedance. Skin effect is usually invoked to 

describe GMI effect while, in reality, skin effect in sandwich 

GMI is more complicated than expected due to the lateral 

skin effect which occurs first in the copper conductor as 

described in [6]. Simulation results presented on Figure 1, 

(made on the middle section of Ferro/Co/Ferro sandwich), 

illustrates lateral skin effect in a copper ribbon at 1MHz 

(width = 200µm, thickness copper = 20µm). However the 

skin effect in a ferromagnetic ribbon becomes as expected, 

when relative permeability is sufficiently high, due to edge 

effect [7]. 

 

Figure 1. Drawing of GMI sandwich Ferro/Co/Ferro and 

current density inside its copper ribbon at 1MHz (blue to 

yellow corresponds to a ratio on the current density 

magnitude from 1 to 4). 

The real GMI sandwich exhibits a poor current conduction 

between the copper ribbon and the magnetic material 

ribbons. This experimental fact has led us to neglect the 

current flowing through the ferromagnetic ribbon and to 

replace it by coils [8]. In the case of ferromagnetic ribbon, 

few authors have noticed the role of demagnetizing field in 

the improvement of GMI effect [9]. In the following we 

focus on theoretical and experimental results taking into 

account shape effect  

Impedance modelling of wounded GMI sandwich 
We consider the wounded sandwich GMIs described on 

Figure 2. In that case, the existence of the skin effect inside 

the GMI becomes obvious as the wires are now insulated. In 

order to focus on shape effect our study will concern 

transverse wounded GMI (Figure 2.a) using a single 

ferromagnetic ribbon. Moreover by neglecting losses inside 

the magnetic material we easily compute, for transverse 

wounded GMI represented on Figure 2.a), the impedance at 

null field. This impedance, called Zgmi, is given by equation 

(1). 
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Where, R is the resistance of the N turns winding, L0 is the 

inductance of the air-coil, µ0 is the air permeability, S is the 

cross-section area of the ribbon, lribbon is the length of the 

ribbon, µapp is the apparent permeability in x direction 

expressed by (5), µ ri is the initial relative permeability of the 

material and Nx the demagnetizing factor coefficient in x 

direction (similarly Ny is the demagnetizing factor in y 

direction). To compute the demagnetizing factor, the ribbon 

is approximated by an ellipsoid and the formulas given in 

[10], for the case of very flat ellipsoid, are used. 

 

Figure 2. Transverse (a) and Longitudinal (b) wounded 

GMI. 



 

Intrinsic sensitivity and bias field parameters 

We now consider the behaviour of wounded GMI sandwich, 

flown by an excitation current (IEXC), inside a homogeneous 

magnetic field. We focus on the main relevant parameters to 

characterize GMI performances which are: bias field (should 

be lowest as possible to reduce current consumption) and 

intrinsic sensitivity (defined as the slope of Z(H)). When an 

external magnetic field (H) is applied to the transverse 

wounded GMI, the Zgmi(H) characteristic behaves as 

represented on Figure 3.a). We notice that above a magnetic 

field called Hani the impedance starts to vary with magnetic 

field. This field can be interpreted as an effective anisotropic 

magnetic field. Next the figure 3.b) represents the slope of 

Z(H) (called intrinsic sensitivity SI as defined by eq. (3)). 

This intrinsic sensitivity is fully relevant to characterize the 

ability of GMI to measure a weak magnetic field [8].  
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We can notice from Figure 3.b), that an optimum bias field 

(HBIAS) corresponding to the maximum of SI occurs.   

 

Figure 3:  a) GMI sandwich impedance and b )GMI 

sandwich intrinsic sensitivity(V/µT) under magnetic field. 

Let us focus on the computation of the anisotropic field. We 

first express the magnetostatic energy of the ribbon 

completed by the demagnetizing field energy and 

magnetocrystalline anisotropy energy. We assume 

magnetocrystalline anisotropy in the x direction and 

magnetization in x,y plane, that leads to eq. (4). 
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In this later expression, ϕ represents the angle between 

magnetization ( M ) and easy magnetization axis (x axis), 

dH  detailed in equation (5) represents the demagnetizing 

magnetic field. 
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Next, by minimizing magnetostatic energy (from eq. (4)) we 

obtain the values of magnetic field for which magnetization 

rotates:  
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This latest expression suggests that both magnetocrystalline 

anisotropy and demagnetizing factor (i.e. the shape effect) 

dictates the magnetization behavior and value of the 

anisotropic effective magnetic field. Finally the 

demagnetizing factor will both affects the transverse 

permeability of the material (µ t) and its longitudinal 

permeability (µ l), which is involved in the longitudinal GMI 

effect.  

 

Shape effect in wounded GMI  

We now consider GMI impedance (eq (4)) by taking into 

account his dependence to magnetic field. It seems relevant 

to use magnetic field internal to the ribbon (Hgmi) and to 

divide the intrinsic sensitivity in the following way:  
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From classical magnetostatic equations [8], one can link the 

external magnetic field (H) to the internal magnetic field 

(Hgmi), using eq. (8).  
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Then, we deduce: 
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Finally, we derivate (1) accordingly to Hgmi and substitute 

its result inside eq. (7) to obtain this latest expression: 
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The intrinsic sensitivity, expressed by eq. (10), shows clearly 

the dependence with magnetic material behaviour ∂µr/∂ Hgmi 

around a magnetic bias point µ r(Hgmi), but also, the role of 

the demagnetizing field coefficient in the direction of the 

measurement (Nx) [9]. This dependence suggests strongly 

that demagnetizing factor, and thus the shape effect, is of 

great importance in the value of the intrinsic sensitivity. 

Experimental results and comparisons with model 

Measurements of intrinsic sensitivity have been performed 

on longitudinal wounded GMI. The coil was supply at low 

frequency (few kHz). Ribbons, used to build the sensors, are 

made of commercial ultraperm [11] with various lengths 

(20mm up to 50mm) and various thicknesses (from 50µm to 

350µm). Intrinsic sensitivities (SI) for ribbons of different 

lengths are plotted on Figure 4.a. These curves show an 

important increase of maximal SI when length increases, 

while the optimal bias field decreases (corresponding to 

maximum of SI). The decrease of bias field is synonymous 

of lower power to bias the magnetic material. Similarly, 

Figure 4.b shows an increase of SI when thickness of the 

ribbon decreases while the bias field also decreases.  



 

 

Figure 4. Measurement of intrinsic sensitivity of 4mm width 

GMI ribbon for various length (20mm to 100mm) and 30mm 

ribbon length for various thickness (50µm to 350µm). 

These experimental results confirm the important role of 

shape effect. A small demagnetizing field, in the direction of 

measurement, will imply a great SI while the bias field 

required will be reduced. 

 

Figure 5.Comparison of measured and computed intrinsic 

sensitivity at optimal bias field for various length ratio (a) 

and thickness ratio (b). 

Let us try to compare the experimental results to the 

modelling. In order to make the comparison, it is necessary 

to extract data from experimental conditions. Value of the 

experimental optimal bias field is used to compute the 

operating point of the magnetic material (in terms of Hgmi 

and µr(Hgmi)). The latter (µr(Hgmi)) is deduced from the 

real B(H) curve of the material from [9]. Next, Equation (10) 

is applied to compute intrinsic sensitivity at the optimal bias 

field. The normalized comparison between experimental 

results and modelling is presented on Figure 5, both for 

length ratio effect (Fig. 5.a) and thickness ratio effect (Fig 

5.b). Instead of small discrepancies, due to the operating 

point determination extracted from datasheet, we can notice 

that theoretical modelling combined to material 

characteristics give a good estimate of the tendency of SI.  

Conclusion 

The experimental results confirm that reduction of the 

demagnetizing field factor in the direction of the 

measurement of the ferromagnetic part (ribbon as well as 

wire) is fully relevant, for a given magnetic material, to 

increase intrinsic sensitivity of GMI. This effect is sometime 

evoked [8] but never, at our best knowledge, computed.   
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