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ABSTRACT 

Varistors provides excellent protection of electric circuits and equipment against voltage 

surges which may have frequencies related or unrelated to the power system network.   

The effects of frequency variation on the electrical parameters of zinc oxide varistor 

developed in Nigeria using locally available materials are presented in this work. The 

electrical parameters of interest of the zinc oxide varistors examined were the voltage, 

current and capacitance. The result obtained revealed that an inverse relationship exist 

between capacitances and supply frequencies. The capacitance-frequency curves 

presented, over a wide range of frequencies, decay exponentially and its analogous to that 

of a discharge capacitor. The study would be of immerse benefit to varistors 

manufacturers and engineers in the field of power system protection.   
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Introduction 

 Zinc oxide varistors are highly complex, multi components oxide ceramics whose 

electrical behaviour depends both on the ceramic microstructure of the device and on the 

detailed processes occurring at the ZnO grain boundaries (Aref, Bidadi and Hosanli; 

2010). Zinc oxide varistor is composed predominantly of conducting ZnO grains 

surrounded by extremely thin intergranular (depletion) layers having small amount of 

bismuth, cobalt, manganese and other metal oxide. It was initially developed in Japan and 

has been available in USA since 1972 (Levinson and Phlipp, 1986). The use of local 

materials in the development of zinc oxide varistors in Nigeria has been reported 

(Evbogbai, Edeko and Ajuwa; 2011). This semiconductor device with highly non linear 

current – voltage characteristics (similar to back – to – back Zener diodes) has a high 

current and energy handling capabilities (Masuoka, 1971; He and Hu, 2007; Evbogbai, 

Edeko and Ajuwa; 2011). 

As a result of the presence of insulating potential barriers on either side of each 

grain boundary, the varistor has a capacitance that depends on its surface area and 

thickness. It is reasonable to describe the varistors inter granular barriers by a parallel 

capacitance (Cp), resistor ( Rp) pair, as shown in the varistors equivalent circuit in Figure 

1 (Lagrange, 1991). 
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             Figure 1: Simple Equivalent Circuit Representing Metal Oxide Varistors.  

Rp is voltage dependant. Both Rp and Cp vary with frequency and temperature. In series 

with Rp and Cp is the small resistance rg of the ZnO grain, rg is usually negligible except 

for very high varistors currents or at very high varistors frequencies (Levinson and 

Philipp, 1986).  

The volume between the varistors electrodes is largely occupied by conducting 

ZnO grain material.  The capacitance of ZnO varistors is given hence if εg is the 

dielectric constant of the ZnO in the depletion layer, the varistors capacitance C is given 

by the expression (Lagrange, 1991).   

                          C  = (d/t) εg ε 0 A/D         1 
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Where d is distance between the electrodes , t thickness of the depletion layer, εg  

dielectric constant of ZnO, ε 0 dielectric constant of free space, A surface area of the 

electrode and D size of the ZnO grain.. 

          A direct stroke may cause a potential of many million volts. Due to direct stroke on 

a line, the nearby lines are also subjected to overvoltages, but of less magnitude, through 

electro-magnetic coupling. Experiences have shown that voltage rise induced by side 

strokes may attain a value of 2 million volts, but that about 90% of such voltages are 

below 500 kV. These voltages may also spark over on the insulators (Gupta, 2007). 

Varistors provides excellent protection of electric circuits and equipment against voltage 

surges which may have frequencies related or unrelated to the power system network 

(Samaras, Sandberg, Salmas and Koulaxouzidis; 2007).   

        Since the operation of the varistors is a subject of frequency, in this work, effort is 

made to investigate the effects of frequency variation on the electrical parameters of zinc 

oxide varistors developed in Nigeria using locally available materials. The electrical 

parameters of interest to be examined are the voltage, current and capacitance of the zinc 

oxide varistors. The study would be of immerse benefit to varistors manufacturers and 

engineers in the field of power system protection.   

   

Materials And Methods 

Materials 

 The materials and equipment used in this work are listed below. 
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Zinc oxide varistor sample developed in Nigeria, Foreign made zinc oxide varistor 

sample, Gw INSTEK GDS-1062 digital storage oscilloscope, Farnell sine squarewave 

oscillator model LF, FEEDBACK power circuits BEE 4210 model, FEEDBACK 

power supply 441model, Voltmeter-Fluke (model 117) True-rms digital display 

multimeter, Ammeter -Fluke (model 117) True-rms digital display multimeter, 

Crocodile clips and Leads. 

 

Experimental procedures 

 Voltage-Frequency Measurement Of ZnO Varistors     

 

The zinc oxide varistor sample developed was connected to Farnell sine 

squarewave oscillator model LF, 10 volts peak-peak amplified by FEEDBACK power 

circuits BEE 4210 model energized by FEEDBACK power supply 441model. Gw 

INSTEK GDS-1062 digital storage oscilloscope was used to monitor and record the 

supply frequency and voltage waveform of the oscillator, while the current flowing 

through the varistor sample and the voltage drop across it was measured using Fluke 

digital (model 117) ammeter and voltmeter respectively. Figure 2 shows the circuit 

diagram for the investigation of the effect of supply frequency variation on the 

capacitance of the developed ZnO varistor samples, while Plate 1 shows the photograph 

of the experimental layout to demonstrate this effect. The supply frequency of the 

sinewave function generator was varied from 10Hz to 1MHz.  The current flowing 

through the varistor and the voltage across it were recorded. From these experimental 

data, the capacitive reactance, hence the capacitances of the varistor at different 

frequencies were computed using equations 2 and 3 respectively. 
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Where Vc is the voltage drop across the ZnO varistor and I is the current  

 

flowing through it. 
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where C is the capacitance, Xc is capacitive reactance, f is supply frequency  

and Pi(π) = 3.14159265358979. 

 This experiment was repeated for the foreign ZnO varistor sample. The 

experimental data were used to plot voltage, current-frequency curves of the locally made 

and foreign varistor on the same axis, using Microsoft Excel Wizard. Also plotted were 

the capacitance-frequency and voltage, current-capacitance curves. 
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Figure 2: Circuit Diagram For Experimental Determination Of The   

Effect Of Frequency On ZnO Varistor Samples.  
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Results And Discussion 

     Effect of supply frequency variation on voltage across ZnO varistor  samples 

Comparatively the characteristics depicted by the developed zinc oxide varistors 

with that of their foreign counterpart are identical as evident in Figure 3. In this Figure, 

the current is maxima in the vicinity of 300 kHz. These peaks are reminiscent of a 

(broadened) Debye resonance (Buchanan, 1991). The voltage across the varistors were 

fairly constant from 10Hz to 1kHz, but beyond this it decreases steadily as the frequency 

increases to 1MHz.  
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Figure 3: Comparison Of The Frequency Dependence Of Voltage And Current Of 

Developed ZnO Varistor Sample  With The Foreign Counterpart VF10M10271K. 

 

                      

             The experimental results show a clear indication that the voltage and current 

parameters of zinc oxide varistors are frequency dependent.  
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 Effect of supply frequency variation on the capacitance of the developed ZnO 

varistor samples. 

 

The capacitances of the developed zinc oxide varistor samples were determined 

from the capacitive reactance of the varistors. This reactance (impedance) was the ratio of 

the voltage across the varistor to the current flowing through it at different supply 

frequencies. From the results, it can be concluded that the capacitance of ZnO varistor is 

inversely proportional to the supply frequency.  

   Comparison of the exponential dependence of capacitances of the developed zinc 

oxide varistor sample and that of the foreign counterpart on the supply frequency in the 

frequency range of 10Hz to 1 kHz is shown in Figure 4.  The capacitance-frequency 

curves in Figure 4  shows that the developed ZnO varistors and their foreign counterpart 

exhibit analogous behaviour similar to the exponential decay curve of a discharge 

capacitor. The frequency dependence of capacitance of varistors limits their usage in high 

frequency applications (Lagrange, 1991). 
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Figure 4:  Comparison Of The Frequency Dependence Of Capacitance Of The 

Developed ZnO Varistor Sample  With The Foreign Counterpart In The 

Frequency Range Of 0.01-1 kHz. 
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 Effect of the variation of capacitance on the voltage and current of ZnO Varistors. 

 

The capacitance-voltage and current characteristic curves are shown in Figures 5, 

These figure depict clearly that the voltage and current have constant values over a wide 

range of higher capacitances. It can be observed from the graph that at very low 

capacitances (high frequency range), the capacitance-voltage and capacitance-current 

characteristics displayed nonlinearity.  
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Figure 5: Capacitance Dependence Of Voltage And Current Of ZnO Varistor 

(Local Sample ). 

 

 

.In this voltage region the varistors were essentially linear circuit element. As the 

applied voltage approaches the breakdown voltage, more complex phenomena can be 

anticipated (Buchanan, 1991).  

 

Conclusion 

  The capacitances of zinc oxide varistors were due to the presence of insulating 

barriers on either side of each grain boundary. Locally based materials have been adopted 
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to develop zinc oxide varistors. Experiments conducted on it and that of the foreign made 

sample compared favourably in characteristics as depicted in the graphs plotted. 
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