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Microstructure and magnetic properties of Ni-Zn ferrite are highly sensitive to the preparation
methodology, sintering conditions and to the amount of constituent metal oxides, impurities or
doping levels. This paper focuses its discussion on the dependence of permeability spectra of
the hysteresis loop and magnetic properties on the frequency for samples of Ni-Zn-Cu ferrite
sintered a different temperatures. The experimental and calculated complex permeability
curves are compared. The values of the parameter 3 representing the damping factor of the
domain wal motion obtained by fitting the permeability spectra are compared with the
parameter obtained in the Jiles - Atherton model.
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1. Introduction

In order to develop multilayer chip inductor the Ni-Zn-Cu ferrite was intensively studied in
the last ten years [1-3]. The interfacial reaction, between the ferrite and the Ag eectrode, can be
suppressed by co-firing at low temperature the ensemble. The ferrite sintered at different temperatures
presents different microstructure and consequently different magnetic properties. The complex
permesbility spectra and the hysteresis loop are discussed from the point of view of the spin and
domain wall contributions in magnetization process. The experimental and theoretical results are
compared using Nakamura [4] and Jiles-Atherton [5] models for complex permeability and hysteresis
loop, respectively.

2. Experimental results

A conventional ceramic technique was used to obtain ferite with chemicd formula:
NigsxCZn,Fe,0,, with x = 0 and y = 0.2. The sample without copper was denoted by NO and was
sintered at maximum temperature 1300°C. Five categories of sample added with copper oxide
(x = 0.15 and y = 0.2) were obtained by sintering the cores at different temperatures. The samples
denoted by N;. s were sintered at more d evated temperatures, 1100°C, 1150°C, 1200°C, 1250°C and
1300°C, respectively [6].

The microstructure was studied using SEM technique (JEOL 5410 Microscope). The
mi crostructure of the samples depends on the sintering temperature and copper doping asisillustrated
in Fig. 1. By adding copper in the sintering process one observes that same average grain size is
obtained at lower temperature. Increasing the s ntering temperature the sintering density increases and
the particles’ size are more uniform. The presence of copper oxide in the sintering processes improves
the increase of the average grain size simultaneously with porosity decrease. The grain size and the
porosity play an important role in magnetisation processes and determine the magnetic properties of
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the samples. The ferrite grain size has an important influence on the domain wall contributionsin the
magneti sation processes at low frequency. The porosity influences the domain wall susceptibility.

The frequency dependence of the complex initial permeability at room temperature has been
measured by using the conventional technique based on the determination of the complex impedance
of a circuit loaded with atoroid shaped sample (Hewl ett Packard 4194A Impedance Analyser). Fig. 2
shows the red and imaginary permeability spectra, respectively for al the samples. As sintering
temperature increases, the natural resonance frequency, shifted toward low frequency from 3 MHz to
0.5 MHz. This result confirms that by increasing the sintering temperature over 1200°C, large ferrite
particles are obtai ned and the domain wall motion plays an important role in magnetisation process a
low frequency.

Fig. 1. The microstructure of the samples.
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Fig. 2. The real part (a) and theimaginary part (b) of the permeability.

The complex permeability of sintered ferrite is rdated to two different magnetising
mechanisms: the spin rotationd magneisation and the domain wall maotion. In order to make some
detailed discussions, Nakamura [4] decomposed the permeability spectra of the sintered ferrite into
the spin rotational component, X g, (0), and the domain wall component, X gy (0). The spin rotationa
component is of relaxation type and its dispersion is inversdy proportiond to the frequency. The
domain wall component is of resonance type and depends on the sgquare of frequency. There are few
parameters in the model: Kg, the static spin susceptibility, wg, the spin resonance frequency,

K qw the static susceptibility of the domain wall motion, wy,, the domain wall motion frequency and
B the damping factor of the domain wall motion. The parameters can by determined by numerica
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fitting of the complex permeability spectra. In Fig. 3 are presented the experimental and cal culated
curves for sample N,. A very good agreement was observed for the red parts of the permeability
spectra for al samples. Table 1 summarises the parameters for al the samples. One observes that
parameter 3, representing the damping factor depends on grains size and porosity. Sample N2
presents the highest value.

In order to confirm that the domain wal mation plays an important role at low frequency in
the magnetisation processes the dependence on the frequency of the hysteresis loop was studied.
Hysteresis loops for al the samples at different frequencies were obtained using a sdf made
hysteresisgraph [7]. Sinusoidal waveforms with the frequency ranging between 20Hz and 20MHz
were used. The maximum val ue of the magnetic field strength was 80A/min the low frequency region
(20...20kHz). The maximum vaue of the magnetic fidd strength in the high frequency region
(20kHz...20MHz) was 8A/m. Fig. 4 features the hysteresis loops obtained at 20kHz for all the
sampl es. The shape of the hysteresis |oop depends on the microstructure of the sample. The saturation
and remanence magnetic flux densities decrease by increasing the excitation frequency. The
comparison between the behaviour of the sample Ny, without copper and sintered at 1300°C, with the
sample Ns, added with copper and sintered at the same temperature, reveals that the addition of copper
oxide contributes to the decrease of coercive magnetic fidd strength. Increasing the sintering
temperature the squarness of hysteresis |loops becomes smaller.

Table 1. The characteristic parameters for N; samples.

Samples | Kg, K dw Wy (MH2) wgw (MH2) | B (kH2)
No 225 438 13 0.71 2.3
Ny 119 21 11.3 8.17 9.6
N, 67 210 335 2.1 470
N3 210 94 2.5 111 88
Ny 1463 4249 15.5 153 170
Ns 1585 4325 14.4 2.31 274
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Fig. 3. The experimental and calculated compl ex Fig. 4. The experimental and calculated hysteresis
permeability for the sample N,. loopsin JA mode for al the samples at 20kHz.

In the Jiles-Atherton mode of hysteresis the magnetic susceptibility is a function of the
magnetisation M and the applied magnetic fidd H [5, 8]. Few parameters are used in the modd: a is
the form factor for the anhysteretic curve, ¢ is approximatdy the ratio of the initid susceptibility on
the first magnetisation curve to the initid anhysteretic differential susceptibility, a is a parameter
representing the coupling between domains, Kk is the pinning constant (it gives a measure of the width
of the hysteresis loop) and M is the saturation magnetisation. All these parameters can be calculated
from experimental values of the coercive fidd (Hy), remanent magnetisation (M,), saturation
magnetisation (Ms), initial anhysteretic susceptibility (Xan ), initial susceptibility measured on the first
magnetisation curve (X, ), maximum differential susceptibility (Xc) and differential susceptibility at
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remanence (X, ) [9]. Table 2 summarises the modd parameters determined for all the samples at 20
kHz excitation frequency.

The identification method has been performed for al the samples. A few facts are obvious
from the above table. The saturation magnetisation has a maximum vaue for the sample without
copper oxide. By adding copper oxide the saturation magnetisation decreases. The parameter a,
representing the coupling between domains, has a minimum value for sample N, characterised by
highest value of the parameter 3. The domain wall motion is favoured in the ferrite with small

average grain size and low porosity.

Table 2. The model parameters determined for al the samples a 20 kHz excitation frequency.

Sampl e Ms k k() ks A S a
(A/m) (Am) | (A/m) | (Am) | (aim)

No 5300 17 0.12 38 12 1 0.0046
N 2290 33 0.70 32 19 1 0.0027
N, 4000 40 0.06 24 15 1 0.0023
N3 2550 16 0.05 34 10 1 0.0036
N4 4150 16 0.06 38 12 1 0.0021
Ms 1550 14 0.04 38 12 1 0.0010

3. Conclusions

The addition of copper oxide changes the sintering temperature for Ni-Zn-Cu ferrite. Samples
with more uniform microstructure and lower porosity were obtained a low sintering temperature.
Increasing the sintering temperature the average grain size increases. The sample Ny, without copper
oxide, is characterised by lowest average grain size, lowest damping factor 3 and highest coupling
paameter o. These remarks demonstrate that the results in Nakamura mode for complex
permesbility spectra andysis could be correlated with the results obtained in Jiles — Atherthon mode
of hysteresis.
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