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MAGNETIC PROPERTIES OF N87 MnZn (EPCOS TYPE) 
FERRITE 
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Gelu IONESCU4 

The energy losses and the permeability dependences of MnZn ferrite ring 
cores, industrial type N87 EPCOS (Siemens), has been studied at 20 mT at room 
temperature, 23°C. The investigation has been performed by a fluxmetric method 
from direct current (DC) to 3 MHz. The behavior of the losses and permeability are 
presented by the identification of the separate rolls of domain wall (dw) and 
rotational process at 20 mT. Eddy current mechanisms are not involved in this type 
of magnetization process, because those mechanisms can be appreciated, in 
standard materials and cores, only on approaching and overcoming the MHz range. 
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1. Introduction 

Ferrites are dark grey or black ceramic materials. They are very hard, 
brittle and chemically inert. Most modern magnetically soft ferrites have a cubic 
(spinel) structure. The general composition of such ferrites is (MO)m-(Fe2O3)n 
where M represents one or several of the divalent transition metals such as 
manganese (Mn), zinc (Zn), nickel (Ni), cobalt (Co), copper (Cu), iron (Fe) or 
magnesium (Mg). The most popular combinations are manganese and zinc 
(MnZn) or nickel and zinc (NiZn). These compounds exhibit good magnetic 
properties below the Curie temperature (TC) and have a rather high intrinsic 
electric resistivity. These materials can be used up to very high frequencies 
without laminating, as is the normal requirement for magnetic metals to reduce 
the eddy current losses. NiZn ferrites have a very high resistivity and are most 
suitable for frequencies over 1 MHz, while MnZn ferrites exhibit higher 
permeability and saturation induction levels and are suitable up to 3 MHz. For 
some special applications, single crystal ferrites can be produced, but the most 
types of ferrites are manufactured as polycrystalline ceramics. 
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Soft ferrite cores are used wherever effective coupling between an electric 
current and a magnetic flux is required. They form an essential part of inductors 
and transformers used in today’s main application areas: telecommunications, 
power conversion, interference suppression. Reduction in size and weight of 
power supplies can be achieved by using switched mode or resonant concepts at 
increasing frequencies, which may even exceed 1 MHz nowadays. For magnetic 
components this requires new ferrite grades with increasingly severe demands on 
low magnetic saturation and eddy current losses. A well-balanced series of MnZn 
and NiZn power ferrites has been developed for frequencies ranging from 10 kHz 
to 10 MHz. These materials are applied in highly efficient core assemblies with 
specially designed core shapes and windings. The industrial type ferrite N87 has 
very soft behavior and near-insulating character, which makes it ideal for uses in 
such range of frequencies in the design of power transformers and chokes [1].   

In the case of N87 ferrite is defined the temperature T0, at which the 
temperature of the first-order anisotropy constant K1 is zero. In practical 
applications of MnZn  N87 ferrites, such as transformers, T0 is controlled to fit the 
operating temperature, between 80° C and 100° C, by changing the composition 
of MnZnFeO. As a result, power losses are minimal at that temperature, Tm. 
However, in the range between the room temperature and 100° C, the losses in the 
MnZn ferrites vary significantly. Nevertheless, for use over a wide temperature 
range, it is convenient to make the temperature dependence of losses smaller [2]. 

In this paper we present a combined analysis of losses and magnetic 
permeability, which can be done by using the losses separation concept under 
very general terms, independent of the dissipation mechanism. It is demonstrated 
in [3, 4] that the classical energy losses (classical eddy currents losses) contribute 
to the total energy losses by little to negligible extends and the dominant 
dissipation mechanism in these ferrites samples is not related to eddy currents. 

In order to obtain a complete characterization of the N87 MnZn ferrite we 
have made an investigation in Rayleigh’s domain at the frequency equal to 5 kHz, 
at room temperature. The analysis of the behavior in Rayleigh’s range can provide 
us the meaning to a direct relationship between energy losses and complex 
permeability. 

2. Experimental method 

The sintered ferrite ring sample of MnZn (N87) was characterized between 
0 and 3 MHz using a fluxmetric method, which is based on a purpose built 
laboratory hysteresisgraph wattmeter. The experimental setup contains an 
arbitrary function generator, a power amplifier, a low noise signal amplifier and a 
four channel oscilloscope. 
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The sample had an outside diameter of 10 mm and an inside diameter of   
6 mm with a thickness of 1.2 mm. Other physical properties are: density               
ρ = 4850 kg/m3, average particle size <s> = 16 µm, electrical conductivity            
σ = 230 S/m and saturation polarization Js = 0.47 T. 

3. Initial magnetization curve and Rayleigh parameters 

In the Rayleigh’s range the hysteresis cycle has an elliptical shape and it is 
described by: 

2bHaHJ +=        (1) 
The determination of the Rayleigh’s parameters a and b permits to 

separate the reversible and irreversible parts, at a given magnetic polarization Jp, 
the latter being exclusively due to the domain wall processes. A measurement at 
5000 Hz was performed in order to obtain the initial magnetization curve (Fig. 1).  

 

 
Fig. 1. Initial magnetization curve of sintered MnZn ferrite at room temperature. 

In (1) a is correlated with the reversible magnetization process and is 
proportional to the initial magnetic susceptibility [5] and b characterize the 
irreversible processes, which are due to the existence of pinning sites in the N87 
magnetic material [6]. To determine the values of a and b parameters we made a 
representation of J/H(H), which was extrapolated to zero in order to obtain the 
value of a, and for b value was calculated the slope of this figure (Fig. 2). 
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Fig. 2. Determination of Rayleigh’s parameters: a = 2.55·10-3, b = 8.3·10-5 and coercive field value 

Hc = 13 A/m.  
 

In accordance with those values one can assume that in case of the N87 
MnZn ferrite the predominant magnetization processes are of the reversible types. 

4. Magnetic losses and permeability analysis in N87 ferrite 

The evaluation of a magnetic material by producers and users is based on 
the knowledge of the energy losses parameters.  

The use of this soft magnetic material in the medium-to-high frequency 
range raises problems like energy dissipation and heating in the electronic 
devices, which call for understanding and prediction of magnetic losses. The 
energy losses phenomena in N87 MnZn ferrite can be related with three 
dissipation mechanisms: eddy currents, spin damping and resonance effects, this 
making the concept of the statistical losses separation theory to be generally 
assumed.  

The energy losses separation was made firstly by accurately extrapolating 
the experimental W(f) values to f = 0, in order to determine the hysteresis energy 
losses Wh. Then the classical component Wcl(f) is calculated. Sintered ferrites are 
actually aggregates of semiconducting grains separated by near-insulating layers. 
The calculation of Wcl for such heterogeneous structures requires a suitable 
modeling. The sample can be described as an ordered assembly of identical cubic 
grains of side <s>, equal to the directly observed average grain size. Each 
elementary cell has resistivity ρg, boundary layer of thickness di, electrical 
resistivity ρi, and relative permittivity εr. Each cell can be identified with an 
equivalent RC circuit and the sample impedance versus frequency was determined 
[7, 8]. The input data used in calculation of the sample impedance are:                 
ρg = 4.347×10-3 Ωm, di = 0.65 nm, ρi = 0.2×106 Ωm, εr = 12. Two electromagnetic 



 Magnetic properties of N-87 MnZn ferrite                            173 

problems are now solved. Firstly, a known magnetic flux is imposed through the 
section and eddy currents and losses are consequently determined. In the second 
problem a known current is forced to flow through the ferrite section, in order to 
evaluate the per unit length impedance [8].  

The contribution of Wcl(f) to the total energy losses can be appreciated, in 
all investigated materials and for all sample sizes, only in the MHz range (Fig 3). 
The main problem in the analysis of energy losses in ferrites is then to identify 
and possibly predict the component Wexc = W – Wh - Wcl, by far the largest 
contribution to W at the frequencies of practical interest.  

 
Fig. 3. The experimental energy losses in a MnZn ferrite ring decomposed into hysteresis Wh = 

3.47×10-6 J/m3, classical Wcl (obtained through numerical simulation of two electromagnetic 
problems) and Wexc at peak polarization Jp = 20 mT. 

 
The main dissipation mechanisms in MnZn ferrites are related to the 

damped motion of the domain walls, which   is described by: 

( )
t
xβHHJ cas ∂
∂

=−2        (2) 

where Ha is the applied magnetic field, β the damping coefficient and 
t
x
∂
∂  is the 

velocity of the moving domain wall. The damping parameter β has two 
contributions: βsd – due to the viscous precession of the magnetic spins inside the 
moving domain wall and βeddy – due to eddy currents, which surround the moving 
domain walls. It was demonstrated, that in ferrites βsd >> βeddy, thus any dynamic 
contribution to the energy losses directly deriving from the domain wall processes 
is associated with spin damping [7, 8, 9]. 

These two parameters are calculated with the following formulas and in 
the case of N87 MnZn ferrite have the values: 

,1009.444 52 −×== sGJσβ sgeddy     (3) 
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where: σg – the conductivity of the grain, G = 0.1356 – is a constant [10],           
αLL =0.04 – Landau-Lifshitz damping constant, µ0 – vacuum magnetic 
permeability, γ =1.760×1011 1/(sT) – electron gyromagnetic ratio, 

μm 81.0==
K
A

w πδ  – domain wall thickness, where: A = 2×10-12 J/m – the 

macroscopic exchange constant, K = 30 J/m3 – first anisotropy constant.  
The expression for excess losses through eddy currents Wexc,eddy can be 

written taking into the account the damping coefficient βeddy as following [11]: 
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where Jp is the peak polarization, f is the working frequency and n = 0.5 is a 
parameter related to distribution function for the internal coercive fields. 

 
Fig. 4. Theoretical prediction of the two excess energy losses components (Wexc,eddy, Wexc,sd) and 

comparison with the experimental one (Wexc).   
 

A practical formula for predicting the excess losses through spin damping 
Wexc,sd, by taking into account the fact that Wh is associated with the irreversible 
domain wall processes only, can be now obtained [12]: 
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where kirr = Jp,irr/Jp is the irreversibly accomplished fraction of the magnetization 
reversal. This quantity was directly obtained from the experimental initial 
magnetization curve (see Rayleigh constants). For 20 mT it was obtained            
kirr = 0.09. Figure 4 shows that the high frequency part of W cannot be predicted 
neither by the domain wall term Wexc,sd nor by the classical eddy-current 
distribution Wcl. It is known that, under the action of the exciting ac field and the 
resisting torque provided by the effective anisotropy field, the spins in the bulk are 
bound to process and release energy to the lattice through the same mechanism 
involved with the frictional response of the domain walls. The domain wall 
dynamics is associated with pure relaxation and resonant phenomena are expected 
to occur with rotations [13]. As presented in [14] soft ferrites are very low 
anisotropy materials with a large distribution of the anisotropy fields, which have 
different values from grain to grain, and different resonance frequencies. 

The complex relative permeability variation ''' μμμ j−=  for MnZn N87 
sintered ferrite can be found in Fig. 5. It can be seen that for frequencies up to 100 
kHz, the real part of complex permeability, ,'μ  is about 2444. As the frequency 
increases, each measured spectrum remains level at first and then rises to a certain 
peak before falling rapidly to relatively low values. After 100 kHz the imaginary 
component, ,''μ  rises to a pronounced peak as 'μ  falls. The relaxation frequency, 

at which ''μ  has a maximum value, is about f1 = 1.2 MHz. 

 
Fig. 5. Experimental values of the complex relative magnetic permeability versus frequency.   

 
One considers in this article, that the complex distribution of the internal 

fields, to which the resonance frequencies are directly related, can be compiled 
into a suitable distribution density for the anisotropy field Hk.  For that we 
consider a Maxwell distribution, which describes the anisotropy fields: 
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with H0 = 68 A/m and 110=kH A/m (average resonance frequency 

87.3
2 0 == kr Hf μ
π
γ MHz). 

Under small oscillation approximation, the rotational process inside a 
generic domain, are described by a linear Landau-Lifshitz-Gilbert (LLG) 
equation. The real '

rotχ  and imaginary ''
rotχ  susceptibility values are obtained for 

any Hk value as solution of the LLG equation [9, 15, 16]: 
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where: fj = γJs/(2π) and fH = γµ0Hk/(2π). 
The relative rotational permeabilities are consequently obtained as:  

( ) ( ) ,1 '' ff rotrot χμ +=      (10) 

 
( ) ( ) ,'''' ff rotrot χμ =       (11) 

with the brackets implying double averaging (i.e. 

( ) ( ) ( ) kkk dHHffHxfx ∫
∞

=
0

,
3
2 ) over the Maxwell distribution of Hk, f(Hk), and 

an assumed isotropic distribution of the effective easy axes in the material. 
Taking into account that the domain wall displacements and rotational 

processes are independent, the total energy losses can be written as 
( ) ( ) ( )fJWfJWfJW protpdwp ,,, += , where the energy losses by domain wall 

displacements are due to [9]: 
( ) ( ) ( )fJWJWfJW psdexcphpdw ,, ,+= .     (12) 
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According to [12] in the case of low values for magnetic polarization       
Jp = 20 mT one can obtain an ellipsoidal hysteresis loop shape and for the 
imaginary component ( )fdw

''μ  can be generated the following expression: 

( ) ( )
( )fH

fJW
f

p

pdw
dw 2
'' ,

π
μ =       (13) 

where Hp(f) is the experimental peak field value. 

 
Fig. 6. Real and imaginary relative magnetic permeability components versus frequency at peak 

polarization Jp = 20 mT (circle: experimentally data obtained). 
 

The dependence ( )fdw
''μ  (Fig. 6) can be approximated by a relaxation 

equation [10]: 
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where f1 = 1.2 MHz is the relaxation frequency and ( )0dwμ  is the DC domain 

wall permeability. Since ( ) ( )1
''20 fdwdw μμ = , the real permeability ( )fdw

'μ  is 
calculated as: 
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Combining the previously determined relative rotational permeabilities 
and relative domain wall permeabilities as follows: 

( ) ( ) ( ),''' fff rotdwth μμμ +=      (16) 
 

( ) ( ) ( ),'''''' fff rotdwth μμμ +=      (17) 
one can obtain the real and imaginary values of total relative magnetic 
permeability (Fig. 7). 
 

 
Fig. 7. Comparison between theoretical and experimental complex relative magnetic permeability 

versus frequency.
 
In order to obtain the theoretical expression of total energy losses 

( ) ( ) ( )fJWfJWfJW protpdwpth ,,, +=    (18) 
the energy loss, generated by the rotational processes at a given Jp, can be written 
as [12]: 

( ) ( )
2''2'

''2
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thth
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μμ
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+
=      (19) 

In Fig.8 it is presented a comparison between the experimental values of 
the total energy losses and the values obtain by (18), which provide a good 
description of the experimental loss behavior.   
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Fig. 8. Comparison between theoretical and experimental total energy losses versus frequency. 

5. Conclusions 

Using the physical concept of loss separation the wide band magnetic 
properties of N87 soft ferrite is interpreted at peak polarization of 20 mT. In this 
article the behavior of domain wall and rotational magnetization processes are 
analyzed under increasing magnetizing frequencies. Different components of the 
energy loss and their variation versus frequency are identified and calculated 
starting from the standard equation for the damped motion of the domain wall in 
the background, offered by the statistical theory of losses. The prediction of the 
energy loss is based on the linear approximation of the Landau – Lifshitz – Gilbert 
equation and its application under distributed anisotropy fields. 

In the N87 MnZn ferrite the principle magnetization process, on 
approaching the MHz range, is related to the domain wall movement and for high 
frequency the magnetization rotations are the main magnetization process. 
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