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ABSTRACT 

This research discusses the principles of 

measuring the electrical impedance of a 

solution using parallel plate probe. The method 

used is by injecting an AC-current in the 

solution within the frequency range of 1Hz - 

1MHz. The electrical impedance value plotted 

as a function of frequency. The results of the 

experiment showed that the electrical 

impedance of a solution could be measured 

correctly by using this method. The surface 

area of the probe, the distance between the 

probe, and the frequency of the injected AC-

current, giving the measured impedance value 

changes significantly. This method also proved 

to be used to identify the value of the 

concentration of the sugar solution with 

relatively good accuracy. The experiment 

results demonstrate conformity with the 

existing theory. 

 

Keywords: plate parallel; electrical 

impedance, solution impedance  

1. INTRODUCTION 

The physical characteristics of a material 

can be studied by observing its changes after 

the application of electricity and magnetism 

(Wang et al. 2003).  Impedance spectroscopy 

technique has also been applied to the 

determination of the content of artificial 

additives in food products. In that study have 

also investigated the electrical properties of the 

electrolyte water solution into a common food 

preservative, which consists of several types of 

ion (Nakonieczna et al. 2016). 

Measurement of the electrical impedance 

of a solution can be done by many methods, 

such as direct current injection method (two 

probes and four probes), AC bridge method, 

the optical method, and the other. However, 

some of these methods, the method of direct 

current injection is more desirable because the 

methods are simple and do not require 

expensive equipment. This approach used to 

apply in the fields of agriculture, food, and 

medicine, Medical Physics or Geophysics 

(Bonanos et al. 2012; Szypłowska et al. 2013; 

Zia et al. 2013). One model is the electrical 

impedance measurements using a parallel plate 

and current injections. 

Electrical impedance measurement is 

based on a parallel plate is done by using 

current injection, which means it is giving AC 

current in amplitude and frequency ranges 

specified in the material. The complex 

impedance value of the material is a 

comparison between the voltages measured 

with the current injected. Due to the nature of 

the complex impedance, then shape and 

arrangement of electrodes (probe) to be very 

influential on the measurement results. The 

linkage between the electrode and the current 

source (probe) is critical to the value of the 

impedance. 

In this case, it is interesting to conduct a 

study on the shape and arrangement of 

electrodes used in electric impedance 

measurements with models of parallel plates in 

a liquid medium. In the present study, two 

circular probe electrodes were used to measure 

the electrical impedance of liquid medium 

(solution) in the frequency range 1 Hz to 10 

MHz. 

2. MATERIALS AND METHODS 

2.1 Design of Measurement Systems 

Probe plate made of copper PCB cut a 

circle, each diameter of 1.5 cm and 1.0 cm as 

shown in Figure 1.  Plates will be arranged as 
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parallel-plate models for each diameter. The 

distance between the plates will be varied, 

namely 3, 5, 7, 9, 11 mm. Comparison of the 

performance of each plate and each plate 

distance will be done by injecting current of 1 

mA with a frequency range between 1 Hz - 10 

MHz. A DAQ system consists of parallel plate 

system, DAQ measurement hardware, and a 

computer with programmable software as 

shown in Figure 2. 

 

 

Figure 1. Probe model of copper plate 

 

 

Figure 2. Design of electrical impedance 

measurement systems 

 
 The parallel plate sensor system was 

supported by current injection and coaxial 

cable.  PICO-SCOPE S-5000 primarily 

functions as a device that digitizes incoming 

analog signals so that a computer can interpret 

the signal from plate parallel. The frequency 

ranges 1 Hz to 10 MHz was covered by the 

device. 

2.2 Frequency Response of Module V to I 

V to I converter module functions to 

provide a stable source of AC current. In this 

case, the frequency can be set. The converter 

system consists of electrical buffer circuit 

using IC LF353 and differential amplifier 

using AD620. LF353 and AD620 have the 

advantage of high input impedance and stable 

at frequencies up to 1 MHz and has a low price 

(LF353 datasheet). 

 

 

Figure 3. The frequency response AD629 in 

module V to I converter 

 

 

Figure 3. The Randels Model 

  

The test results on module V to I as 

shown in Figure 3. The module has a perfect 

response in the frequency range between 1 Hz 

to 1 MHz, which means this module produces 

stable measurements in the frequency range. 

2.3 Electrical Equivalent Circuit 
Electrical equivalent circuit approach 

(EEC) is required to interpret the results of 

impedance spectroscopy. The specific model 

of an electric circuit similar approach can be 

used even if the research is investigated. An 
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electrical impedance spectrum of a constructed 

electrical equivalent circuit reproduces the one 

obtained during the study. 
In this study, the electrical equivalent 

circuit uses Randel`s Models as shown in 

Figure 4. This should suggest that an AC 

experiment can differentiate between these two 

resistors. High frequency signals pass right 

through CD with no voltage drop while they are 

forced to drop currently in cell Icell * RE volts 

going through RE just like low frequencies.  

At low frequencies where CD is 

effectively an open circuit, the measured 

impedance is the sum of RD and RE. At high 

frequencies where CD is effectively a short 

circuit, the measured impedance is RE. 

 

Figure 5. Computer simulations of the Randel 

models, where I = 1 mA, RD = 1 k, CD = 10 

μF, and RE = 100 , 

 

Figure 5 shows that the results of 

computer simulations of the model Randel, 

using a program Circuit Maker 2000, on 

condition RD = 1k, CD = 10μF, and RE = 

100, and the amplitude of the injection 

current of 1mA. 

2.4 Materials 

Electrical impedance measurement is 

done by placing a solution of 100 ml mineral 

water into a container and plate diameter of 1.1 

cm. at various distances between the plates of 

0.3, 0.5, 0.7, 0.9 and 10 cm. Distance plates 

which provide good measurement results will 

be used to measure the impedance of the sugar 

solution. Comparison of impedance values at 

different concentrations of sugar made by 

dissolving sugar, each of mass 10, 20, 30, 40, 

50 gram, into 100 ml mineral water. 

3. RESULTS AND DISCUSSION 

The electrical impedance of mineral water 

medium at a various distance of plate with 

diameter 1,5 cm as shown in Figure 6. Overall, 

the trend curve shows a logarithmic graph, 

which corresponds to the Randle model which 

total impedance value is determined 

components of the resistance and capacitance 

of the parallel plate models. 

Measurements using parallel plate method 

is largely determined by the shape and 

dimensions of the plates. Distance plate 0.3 cm 

to 1.1 cm  in  the  frequency range of 1 Hz to 

10 kHz provides a declining trend similar 

impedance values as the frequency increases. 

This means that the measurement device that is 

designed to provide meaningful measurements 

in the frequency range of 1 Hz to 10 kHz. If 

the enlarged frequency up to 1 MHz, then the 

distance plate that can be used to measure the 

electrical impedance of a solution is within 1.1 

cm, where the results of the study showed 

significant differences in the impedance value 

of the range. 

Electrical impedance water continued 

rising with increasing distance between 

parallel plates, as shown in Figure 7. At a 

distance of 1.1 cm for various frequencies 

showed a significant difference compared to 

other distances. 

 

Figure 6. The electrical impedance of mineral 

water medium at a various distance of plate 

with diameter 1,5 cm. 
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Figure 7. Electrical impedance of mineral 

water at various frequency with diameter of 

plate 1,5 cm 

 

Figure 8. The electrical impedance of solution 

sugar medium at the various mass of sugar 

with distance 1,1 cm. 

 
This means that the impedance measuring 

device will be well used to using a measure of 

distance is 1.1 cm. This distance will be used 

to test the impedance value of the sugar 

solution. 

The measurement results using a sample 

solution of sugar, in the frequency range of 1 

Hz to 10 MHz as shown in Figure 8., there are 

two parts that are part of the first in the 

frequency range of 1 Hz to 10 kHz which 

shows the impedance value of sugar solution 

decreases with slope lower due to higher 

frequency. Meanwhile, the second part at a 

frequency of 10 kHz to 100 MHz, the electrical 

impedance value declined sharply in line with 

increasing frequency. 

In a solution of sugar, sugar has a 

resistance value larger than water. So if the 

greater the mass of sugar is added to the 

mineral water, it will raise the value of the 

electrical impedance.  

 

 

Figure 9. The electrical impedance of solution 

sugar medium at various frequencies with 

distance 1,1 cm. 

 

In the range between 1 Hz to 10 kHz 

provide impedance value likely to be stable. It 

shows that the large impedance is the sum of 

the resistance of double layer and resistance of 

the solution (ZT = RD + RE). If RD is 

considered constant and RE = ρ L / A, where ρ 

= the resistance of sugar, by adding the mass of 

sugar will increase the resistance of sugar so 

that the impedance measured will be even 

greater. 

The addition of sugar mass will correlate 

linearly with the electrical impedance value, as 

shown in Figure 9. This is due to the electrical 

conductivity properties of sugar (Juansah et al. 

2016). 

4. CONCLUSIONS AND SUGGESTION 

The electrical impedance of a solution 

could be measured correctly by using this 

method. The surface area of the probe, the 

distance between the probe, and the frequency 

of the injected AC-current, giving the 

measured impedance value changes 

significantly. This method also proved to be 

used to identify the value of the concentration 

of the sugar solution with relatively good 

accuracy. The experiment results demonstrate 

conformity with the existing theory  
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