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Abstract— The variation of dielectric constant and tanδ with frequency has been studied for the ferrites with system Ni0.5 + x 
Zn0.5Tix Fe2-2x O4 with x = 0.0, 0.2, 0.4 and 0.5 in the frequency range 20Hz t0 20MHz at room temperature. The variation of 
dielectric constant decreases rapidly at lower frequencies and tends to reach a constant value at high frequencies. However, the 
sample with x = 0.5 shows a slight dispersion maximum. For this to obtain maxima in polarization process may be at higher 
frequencies and as contribution of P-type carriers increases the dispersion frequency decreases. Therefore, for sample with x = 0.5 
shows a maxima at about 10 kHz. 
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I.   

In the microwave to radio wave frequency range, ferrites have wide applications. Therefore, the study of dielectric behavior 
of ferrites at different frequencies (1, 2) is very important. In ferrites the dielectric displacement gives rise to the eddy currents 
to flow. When field is applied to dielectric, the polarization of dielectric takes place. Depending on frequency range, the 
polarization can be distinguished as electronic, ionic, interfacial and orientational. It is electronic in the optical frequency region, 
below infrared frequencies it is ionic which arises due to movement of cations and anions within the crystal. Below microwave 
frequency the polarization is due to microstructure of polycrystalline material and from the migration of free charge carriers. 

The dielectric constant show dispersion with respect to frequency, Koops explained this by considering the ferrite compact as 
a multiplier capacitor in which ferrite grains and grain boundaries have different properties. 

At high frequencies the dielectric losses occur due to relaxation process in the electronic polarization within the crystal lattice 
i.e. dielectric constant is frequency dependent, in case of polycrystalline material [3, 4]. Various workers [5, 6, 7] have reported 
their work on mixed ferrites, showing an important observation of decreasing dielectric constant with increase in frequency.  

Polarization and Dielectric Constant: 
When alternating electric field E is applied to a dielectric material, there is a dielectric displacement which is given by  
                         D =  ɛ E 
Where ɛ is dielectric constant. 
The dielectric response to ac field shows a complex dielectric constant, involving real as well as imaginary components, 

related by  
tan δ = ɛ11/ɛ1 
As ɛ depends on frequency and time, the real and imaginary parts of dielectric constant depends on frequency and time. 
The behaviour of dielectric can be explained on the basis of Koop’s model in terms of their very high resistive component 

due to highly oxidized layer at grain boundaries in series with less resistive bulk component lead to an equivalent parallel 
resister and capacitor in circuit. 

II. EXPERIMENTAL  

An Dielectric measurements are carried out at physics department, University of Pune, on Hewlett Packard, Precision LCR 
meter (model 4284 A 20 Hz to 1 MHz) at room temperature. 

The capacitance(C) and loss tangent are measured on a pellet sample. The samples are scanned for various frequencies. The 
dielectric constant ɛ1 is calculated from the capacitance measured, using formula 

ɛ1  = (C d)/( ɛ0 A) 
where  
d- is thickness of pellet in meter, 
C-capacitance of Farads 
A-Area of cross section in meter2 and 
ɛ0 – permittivity of free space. 
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III. RESULTS AND DISCUSSION: 

The variation of dielectric constant with frequency ia as shown in figure A. all the samples reveal the dispersion. The 
dielectric constant decreases rapidly at lower frequencies and tens to reach at constant value at higher frequencies. The 
dispersion behavior is due to Maxwell Wagner interfacial polarization, in agreement with Koops phenomenological theory (8, 
9). The very high dielectric constant often observed at lower frequencies have been ascribed to the effect of heterogeneity of 
sample like pores, surfaces and grain boundaries. Sometimes the electronic polarization could also contribute low frequency 
dispersion. At higher frequencies the constant value may be regarded as insensitive to heterogeneity and they are usually taken 
as intrinsic dielectric constant, corresponding to normal ionic and electronic polarization.  

 The variation of tanδ with frequency is shown in figure B. all the compositions show a dispersion in tanδ with 
frequency. These observations are similar to those dielectric constant verses frequency. 

The measurements of dielectric constant with frequency are carried out by M Goet (10) on Nickel ferrite samples, sintered at 
different temperatures. They are observed that the samples with n-type carriers do not show dispersion and the dielectric 
constant remains constant over the measured frequency range. Rezlicu have explained the dielectric dispersion by considering 
the multivalence ions, such as Fe3+ - Fe2+ (n-type) and Cu1+ - Cu2+ (p-type) in Cu-Fe ferrites. According to their analysis 
local displacement of p-carriers also take part in the polarization. In the present study Ti substituted Ni- Zn ferrite the carriers 
Fe3+ - Fe2+ (n-type) and Ni2+ - Ni3+ (p-type) will contribute to the polarization process. However, the sample with x = 0.5 
dispersion maximum and remaining samples do not show any dielectric maxima in the measured frequency range. For these 
samples to obtain maxima in polarization process may be at higher frequencies and as contribution of p-type carriers increases 
the dispersion frequency decreases. Therefore, for sample with x = 0.5 shows maxima at about 10kHz. shows a slight  

 

 

Figure A: Variation of Dielectric Constant with Frequency 

 

Figure B: Variation of tan δ with Frequency 
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IV. CONCLUSION: 

In the given study the dielectric constant decreases rapidly at lower frequencies and reaches a constant value at higher 
frequencies. The very high dielectric constant at low frequency showing a large dispersion, is due to the effect of heterogeneity 
of the samples like pores, surfaces and layers of grains. The variation of tan δ with frequency also show similar behavior. This 
behavior is explained on the basis of Koops model.  
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