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Abstract— A new microwave electronic technology challenges require integration of many passive components on chip. 
Among them, isolators and circulators are non reciprocal passive devices which contain magnetic materials. It is important to 
know the magnetic properties. The permeability tensor is the most impotant parameter to define, because it governs the 
interactions between the wave and the material, origine of all magnetic phenomenons. Our study consists in characterization 
of thin film of bam and yig over frequency range of 0.4 to 65 ghz and illustrate gyroresonance phenomenon. The technic is 
based on s parameters of the magnetic materials via a network analyzer and a probe tester. Polder’s model is used to 
calculate the differents elements of the permeability tensor, which consider the ferrite at its saturated state. 
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I. INTRODUCTION  
 
The microwave ferrites devices are based on 
gyromagnetic property of ferromagnetic materials. 
Several effects can be exploited to provide non 
reciprocal propagation of the signal such as the 
Faraday rotation, the ferromagnetic resonance and the 
field displacement [1]. Many microwave components 
such as circulators and isolators are using ferrites and 
are always essential because there is no alternative 
semi-conductor based device that satisfies similar 
requirements at very high frequencies. Furthermore, 
microwave technologies are moving to higher 
frequencies up to 100 GHz, when high resistivity 
materials are needed so that ferrite remains the first 
choice.  
 
The behavior of passive microwave devices is based 
on ferromagnetic resonance properties of ferrites 
materials. Magnetized ferrites are indeed anisotropic 
and characterized by a non symmetrical permeability 
tensor which is necessary to obtain non-reciprocal 
effects. Most passives magnetic devices need a 
saturated state of the ferrite or at least a magnetic 
polarization which is performed by permanent 
magnets. Our work consists on the characterization of 
ferrite thin film as BaM and YIG. 
 
II. THEORY 
 
Ferrites are usually operated in the saturated state 
[2.3]. Several studies and various models allow the 
description of the material’s electromagnetic 
behavior. Polder’s model Valerie Le Houe [4,5] is the 
simplest method that derived the components of the 
permeability tensor. Landau and Lifshitz [3] propose 
to rewrite the equation of motion of magnetic 
moment*with a term having losses. The equation is 
given by: 
 

  (1) 

The second term corresponds to losses. M is the 
magnetic moment, B is linked to a static magnetic 

applied field.  ᵧ is given by: 
 

      (2) 
      m is the dipolar moment, S the magnetic spin 
moment, q electron charge and me electron mass 
respectively. The permeability components tensor µ 
can be written as: 
 

         (3) 
 
According to the direction of static magnetic field 
applied the permeability tensor. The external 
magnetic field is applied along the y axis. 
 
III. MEASUREMENTS AND SIMULATION 
 
Our study consists on the characterization of the 
barium ferrite (BaM) and Yttrium Garnet (YIG) thin 
film [6].The measurement cell is shown at fig 1. The 
magnetic layers were made by sputtering RF technic 
in Claude Chapée laboratory. To have a film showing 
observable magnetic properties, an annealing at 
800°C is required. The measurement equipment is a 
probe system connected to a network analyzer 
working up to 65 GHz. After calibration, the S 
parameters [7] of the ferrite’s samples are measured. 
The first measurements are made without an external 
magnetic field, an important anisotropic field is 
observed for the BaM as shown at fig 2. Non-
reciprocal phenomenon produced by the anisotropy 
field is detected and the resonance frequency closes 
to 52 GHz. This phenomenon isn’t observed in the 
YIG as shown at fig 3. 
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The transmission parameters of the BaM and YIG for 
several values of applied magnetic field are 
presented. The resonance frequency of the YIG 
increases with the applied magnetic field, it closes to 
7 GHz for 230KAm-1, fig 4. For the BaM, the 
resonance frequency increases slowly with external 
field, fig 5. A new theoretical large band method 
using Polder’s model was developed [6]. The 
permeability tensor elements are calculated from 
measured scattering parameters Sij. The following 
relations give the expressions of µ and ĸ extracted 
from the theoretical parameters characterizing the 
wave propagation 
 

(4) 
 

(5) 

 
     β+, β- are the forward and backward propagation 
constant respectively.  β0 is the constant propagation 
when the ferrite is completely demagnetized. 
Kf=ω  is the wave number of the dielectric 
medium with the permittivity value equal to that 
ferrite’s medium. 

 
 

 
. 
The six scattering parameters given by the analyzer 
network are sufficient to determine the propagations 
constants; T+ and T- present the transmitter 
coefficients in the two propagation directions 
respectively. 

(6) 
      

 
(7) 

         (8)                           

           (9)                            

        (10)      .     
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L is the ferrite sample length. At the completely 
demagnetized state, the device is considered 
symmetric and reciprocal, S11=S12 and S12=S21. The 
ratio (Hx0)/(Hz0) can easily determined by a numerical 
simulation of the coplanar line [4]. We use a Spectral 
Domain Analysis (SDA) without magnetization. Fig 
6 to Fig 9, show the different elements of 
permeability tensor of BaM and YIG, imaginary part 
presents losses. 
 

 

 

 
. 

 
 

A Spectral Domain Analysis (SDA) without 
magnetization is used to calculate the Sij parameters. 
Fig 10 and Fig 11 show the variation of the 
transmission parameters of BaM and YIG. The results 
are in good agreement with experimental ones. 
 

 
 

 
 
CONCLUSION 
 
We have presented in this work a characterization of 
ferrites materials over a large frequency band. This 
characteization is very important in manufacturing, it 
deals to improve  the different   performances  of  
ferrites  devices. The permeability tensor is 
considered as the fundamental parameter, because it 
describes the interaction between the wave and the 
material. The experimentals results for the YIG show 
that the YIG remains the best micriwave material in 
the 1GHz to 10GHz. The BaM is considred as a hard 
magnetic material and it use when the magnetic 
device is exploited at high frequency.   
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