
Jerzy Hoja was born in Poland in 1947.  

He received the M.Sc. and Ph.D. degrees in electronic instrumentation from the Faculty of Electronics, Telecommunications and Informatics, Gdansk 

University of Technology, Gdansk, Poland, in 1970 and 1979, respectively. He is currently Lecturer and Researcher with Department of Optoelectronics and 
Electronic Systems, Gdansk University of Technology. His research interests include impedance measurement, design of measurement and diagnostic systems 

for electronic circuits and objects modeled by electrical circuits. 

Grzegorz Lentka was born in Poland in 1972. 

He received the M.Sc. and Ph.D. degrees in measurement systems from the Faculty of Electronics, Telecommunications and Informatics, Gdansk University of 

Technology, Gdansk, Poland, in 1996 and 2003, respectively. He is currently an Assistant Professor and Researcher with Department of Optoelectronics and 
Electronic Systems, Gdansk University of Technology. His research interests include digital signal processing, impedance measurement, design of 

measurement and diagnostic systems for electronic circuits and objects modeled by electrical circuits, systems on a chip. 

Interface circuit for impedance sensors using two specialized single-chip microsystems 

Jerzy Hoja 
a)

, Grzegorz Lentka 
b)

a)Gdansk University of Technology, Faculty of Electronics, Telecommunications and Informatics, Poland, 80-233 Gdansk, Narutowicza 11/12, 

hoja@eti.pg.gda.pl 
b)Gdansk University of Technology, Faculty of Electronics, Telecommunications and Informatics, Poland, 80-233 Gdansk, Narutowicza 11/12, 
lentka@eti.pg.gda.pl, tel. +48-58-347-2197, fax. +48-58-347-2255 

Abstract 

The paper presents an interface circuit designed for the measurement of impedance parameters of sensors 

or measurement cells installed on technical objects. The interface circuit allows measurement of the 

modulus and argument of impedance in the range of 10   Zx  10 G at a measurement frequency in 

the range of 0.01Hz  100 kHz. The new solution based on two specialized SoC AD5933 microsystems 

has been used. This has allowed to obtain miniaturization, low power consumption and low-cost of the 

circuit of the impedance interface. During tests of the realized prototype using the reference object, the 

object impedance measurement errors have been determined and they do not exceed 1.6% (for relative 

error of impedance modulus) and 0.6 (for absolute error of impedance argument). The obtained 

accuracy is fully acceptable in case of impedance measurement of anticorrosion coating in the field. The 

comparison measurements performed with the aid of Solartron set of instruments showed that the 

impedance measurement accuracy of the proposed module is comparable to laboratory set of 

instruments.The important advantage of the used solution based on AD5933 microsystems is lowering the 

power consumption down to ca. 0.7 W, which makes possible powering the measurement module from a 

PC using +5V from the USB. It is a very profitable feature for a module designed to work directly in the 

field. 

1. Introduction

There are many technical and biological objects, the parameters of which are determined by 

impedance measurement. An example of such approach is monitoring and diagnostics of anticorrosion 

protection (anticorrosion coatings) of large technical objects like pipelines, bridges, fuel tanks etc. on the 

basis of impedance measurement of the protective coatings [1-3]. When using medical sensors, the 

impedance measurement can be applied for testing of tissues, physiological liquids, skin etc. in order to 

diagnose the state of disease of organs [4-6]. An example of environmental protection and safety is the 

use of impedance measurement for monitoring of water percolation of dikes [7-9]. 

The above mentioned examples show that there is quite a number of applications of impedance 

measurement for testing of different objects in real-life conditions. The measurements are performed 

using impedance sensors or measurement cells connected to a measurement circuit located near the tested 

object (often directly in the field, in difficult-to-reach places). This requires to design the measurement 

circuit in the form of an interface circuit which estimates impedance parameters and sends them to the 

controlling computer. This implies the need of miniaturization, low power consumption and ability to 

work in difficult environment conditions. The interface with such features is the subject of the paper. The 
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use of specialized energy-efficient electronic chips of highest-scale integration e.g. SoC microsystems 

(AD5933), microcontrollers (AT32UC3B1256), and also the use of measurement methods based on 

digital signal processing (DSP) [10] were necessary to realize the interface. 

 

2. Sensors 

 

One of the most important fields of the use of impedance measurement in the industry (economy) is 

the monitoring of anticorrosion protection of the different objects due to huge losses caused by corrosion. 

Also due to safety reasons, it is necessary to determine the condition of the anticorrosion coatings in order 

to estimate the time of renovation. This extorts the need of the impedance measurement of the coating and 

diagnose their performance, also in the field, directly on the protected object using a sensor – 

measurement cell. 

 

2.1. Equivalent circuit model 
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Fig. 1. a) The photography of cells for impedance measurement of anticorrosion coatings on a high-

voltage pylon b) Cross-section of the anticorrosion coating and the measurement cell 

 

The view of the cell located on a high-voltage pylon and connected to the impedance interface is 

shown in Fig.1a, and a cross-section of the coating and the cell in Fig. 1b [11]. When the coating is new 

and the protection is based on the barrier mechanism, there is no penetration of electrolyte into the 

coating and the equivalent circuit contains only two elements: capacitance Cc (of the order of a few tens – 

a few hundreds pF) and resistance Rp (a few, up to several hundreds G) modelling properties of the 

material of the coating (the electrolyte resistance Re is much smaller and practically negligible). After 

some time, the coating loses the barrier protection and the electrolyte starts to penetrate the coating, but 

the coating still has adhesion properties and there is no undercoating corrosion. At this stage, the 

electrolyte in the pores influences the Rp, the value of which is decreasing more and more when the 

electrolyte penetrates the coating. Additionally, the electrolyte penetration of the coating causes the 

increase of the dielectric constant, which leads to an increase of the capacitance Cc. At the next stage, the 

coating is broken and the undercoating corrosion appears. The equivalent circuit is extended by new 
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elements: double layer capacitance Cdl and charge transfer resistance Rct. Following the corrosion’s 

expansion, the value of Rp is continuously decreasing and finally the coating is destroyed and the 

equivalent circuit contains only Rct and Cdl. 

Resuming, the knowledge of the above-mentioned parameters allows to estimate the quality of the 

anticorrosion coating and to avoid corrosion-caused losses. The difficulty of coating equivalent circuit 

identification lies in the fact that the RC elements are differing considerably in their values and elements 

with small and large values are shunting each other. Thus, for the identification of the components, the 

impedance measurement is required in a wide frequency range, starting from very low, of the order of 

mHz up to MHz, which is called impedance spectroscopy. 

 

2.2. Impedance spectroscopy 

 

An example of the modulus (Z) and argument (arg(Z)) characteristic of the impedance of a high-

thickness anticorrosion coating in the early stage of the undercoating rusting, is presented in Fig. 2. It is a 

very important moment, because the immediate renovation of the coating can stop the corrosion. 
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Fig. 2. Exemplary modulus and argument graphs of the impedance of the anticorrosion coating 

 

The characteristic inflection of curves in the frequency range of 10 Hz – 0.1 Hz points out that the 

equivalent circuit contains elements Cdl and Rct, showing the undercoating corrosion is at the early stage. 

For the identification of the parameters of the equivalent circuit of the coating, the most effective is the 

method using an impedance spectroscopy. 

In the impedance spectroscopy technique, two steps can be distinguished: the measurement and an 

analysis. In the first one, the vector measurement of impedance Z is performed in a wide frequency range 

to determine real Re(Z) and imaginary Im(Z) parts or modulus Z and argument arg(Z) of impedance, 

using contact electrodes or a measurement cell placed on the tested object. In the second step – an 

analytical one, on the basis of the impedance spectrum, the parametric identification of the model (in 

most cases in the form of a multi-element RC two-terminal network) is made using CNLS (Complex 

Nonlinear Least Square) method for fitting the model to the experimental spectrum [12-14]. 

In this paper we deal with the main difficulties and problems lying in the measurement stage. They 

arise from the necessity of the measurements in a wide frequency range and also from the need to adapt to 

test objects in real-life conditions directly in the field. This implies the need of miniaturization, low power 

consumption and ability to work in difficult environment conditions while assuring metrological 

parameters comparable to laboratory impedance analyzers [15-17]. On the market, there are no 

commercially available impedance analyzers miniaturized enough and allowing telemetric 

communication between measurement module installed near the sensor on the object and a personal 

computer used to control measurement module. The paper presents a developed miniaturized impedance 

measurement module, which uses a single-chip AD5933 microsystem (SoC) from Analog Devices chosen 

on the basis of the analysis of the newest VLSI chip market. 
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3. Interface circuit 

 

The undoubtful advantages of the AD5933 chip are low power consumption and integration of most 

blocks required for impedance spectroscopy. It contains a sinusoidal signal generator, an A/D converter 

and a hardware DFT calculation module. The performed analysis and tests of the circuit in the 

configuration suggested by the manufacturer [18] show its limitations when using it as an impedance 

analyzer. As the most important, the following disadvantages can be counted: narrow measurement range 

of modulus (1 k  10 M) and narrow range of measurement frequency (1 kHz  100 kHz), the need of 

performing a calibration measurement, variable output resistance. Because of these facts, the solution of 

the circuit of impedance interface based on the new, original configuration using two AD5933 chips and 

an extended input circuitry was proposed. 

 

3.1. Architecture 

 

The AD5933 chip contains analog blocks as well as digital ones necessary for measuring impedance 

by the method based on the DSP technique (block diagram of the AD5933 is part of the schematic shown 

in Fig. 3). The SoC is equipped with an I
2
C interface used to control the chip and to read internal registers 

of the microsystem. Unfortunately, the I
2
C address of the SoC is fixed by the manufacturer and does not 

allow to connect more than one chip to the same I
2
C bus. In the SoC, two channels can be observed: one 

for the generation of the excitation signal and the second for determination of the orthogonal parts of the 

measurement signal. The sinusoidal signal generation is based on the direct digital synthesis  (DDS) 

method. The channel consists of the 27-bit DDS core, a D/A converter and a programmable-gain 

amplifier A1 with output resistance Rout. In the measurement channel, the signal from amplifier A2 is 

applied to a low-pass filter (antialiasing), and then sampled and quantized by a 12-bit A/D converter. The 

calculation of the real and imaginary parts of the signal is performed by the discrete Fourier 

transformation (DFT) module on the basis of collected samples. 

The main disadvantage of the configuration proposed by the manufacturer is the use of only one 

AD5933 chip allowing to measure only orthogonal parts of current flowing through the measured 

impedance [19]. Because, in order to calculate the impedance it is necessary to know the voltage across 

the measured impedance, the manufacturer assumes two measurement cycles: calibration and normal. 

During the calibration measurement, the reference resistor Rcal is connected instead of the measured 

impedance, allowing to estimate the voltage across the measured impedance. The two-cycle algorithm 

proposed by the manufacturer is onerous to realize and also leads to very large errors [20]. In the 

developed measurement circuit, a simultaneous measurement of the voltage across and current through 

was proposed (thus eliminating the need of the calibration cycle), using two AD5933 chips in the new 

configuration different from that recommended in the manufacturer’s application note. The block diagram 

of the developed impedance interface is presented in Fig. 3. 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


A4

R
R

u
i
(t)

u
u
(t)

-

+
A3

Z
X

S
1

u
x
(t)

i
x
(t)

u
o
(t)

1k

1k

U
in

U
in

1k

1k

RFB

U
out

RFB

U
out -

+
A1

V
DD

/2

  DAC

-
+
A2

V
DD

/2

 ADC

12bit
LPF

DDS

Core

(27bits)

1024

point

DFT

I2C

Interface

CLK

SCL1

SDA1

CLK

SCL2

SDA2

Microcontroller

ATMEGA128

USB/RS232

converter

Portable

computer

SCL1 SDA1 SCL2 SDA2

USB

RS232

AD5933

AD5933

16,384MHz

Clock Generator

Freq.

divider

No. 1

f
CLK

4

f
CLK

16
f
s
=

R
out

No. 2

Program.

LPF

-

+

S
2

S
8

1
0


1
0
0


1
0
0
M


CLK

H

V
DD

/2

10R R

10R

R

V
DD

/2

 
Fig. 3. Block diagram of the circuit for impedance measurement. 

 

One of the SoCs was used for generation of the excitation signal and for determination of the 

orthogonal parts of the signal ui(t) proportional to the current flowing through Zx. The second SoC 

realizes the measurement of the Re and Im parts of signal uu(t) proportional to the voltage across the 

measured impedance Zx. 

The extraction of the signals uu(t) and ui(t) is performed in the input circuitry (amplifiers A3  A4) 

connected to SoC chips. For the current measurement, a differential amplifier (A3) with gain equal to 10 

was used, but the voltage is measured with the aid of a voltage follower (A4). Amplifiers A2 in both 

AD5933 chips work with a gain of –1 thanks to externally connected 1 k resistors. In the realized 

interface the measured impedance is calculated using the definition on the basis of the formulas: 
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where: RR – current measurement range resistance, 

ReUu, ImUu and ReUi, ImUi orthogonal parts of signals uu(t) and ui(t) read from SoC registers. 

 

The manufacturer of AD5933 assumes that the impedance measurement is realized by only one SoC, 

so all chips have the same I
2
C address and do not have pins/inputs to modify the address. So it is 

impossible to connect two (or more) AD5933 to the same I
2
C bus at the same time. Two separate I

2
C 

busses were arranged to control two SoCs, but some problems weren’t solved. The sequential driving of 

the chips caused that each SoC has started measurement signal generation in the different moment of 

time. As a result, the impedance, calculated on the basis of formulas (1 - modulus) and (2 - phase) as a 

ratio of results (of voltage uu(t) and current ui(t)) measured by each AD5933, has random phase, because 

the coordinate system for determining orthogonal parts of signal by DFT operation is related to its DDS 

generator. In order to eliminate this unwanted phenomena, it was necessary to use the same clock (CLK) 

for both chips and synchronous sending of commands to both chips, which makes possible starting 
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measurement sequence at the same time. It was obtained by software emulation of two I
2
C busses realized 

on one I/O port of microcontroller. 

 

3.2. Construction 

 

The developed input circuitry of the interface allows impedance measurement of the anticorrosion 

coatings on grounded objects. In order to measure high impedances (up to Zx  10 G), the amplifiers 

in the input circuitry must be characterized by low input currents (on the level of few pA) and high 

differential and common input impedance (Zdif, Zcm) while assuming the possibly widest bandwidth. 

Because the input amplifiers of the AD5933 do not meet these requirements the interface was extended 

by external input circuitry (A3  A4). The AD8646 amplifiers were used, whose input currents do not 

exceed 1 pA (at temp. 25) and the impedances Zdif and Zcm are determined by resistances 

Rdif = Rcm = 10 T and capacitances Cdif = 2.5 pF and Ccm = 7.8 pF and the wide bandwidth 

GBW = 24 MHz. 

Range resistor RR connected in series with Zx serves for the measurement of the current ix flowing 

through Zx. To assure a wide measurement range of impedance Zx (current ix changes from 10 pA to 

1 mA), the range resistors RR (10  ... 100 M) switched in decades by miniature reed-relays were used. 

The value of the range resistor RR is chosen in relation to |Zx| of the measured coating according to 

criterion: 0.01Zx<RR0.1Zx. Assuring this condition means that the resistance RR is lower than Zx at 

least by an order and causes at least ten times lower impedance seen from terminal H in relation to 

ground. It is profitable for decreasing noise appearing on the impedance Zx, but requires additional 

amplification 10 of signal from RR. This way, the amplitude of signal ui(t) is comparable to the 

amplitude of signal uu(t), taken directly from the unknown impedance Zx with the aid of voltage follower 

A4. 

Using an internal clock source, the AD5933 chip allows to measure the impedance spectrum in the 

frequency range of 1 kHz  100 kHz. For impedance spectroscopy the required measurement frequency 

range is much wider. The construction of the AD5933 allows to use an external clock source, which 

makes possible clock scaling and finally generation of the signal at frequencies below 1 kHz. 

When designing the ranges of generated measurement frequencies, it is necessary to select such clock 

frequencies fclk, which will allow to obtain a frequency grid fm in the range of 0.1 Hz 100 kHz (10 

frequencies with a fixed step fm in each decade), for which there is no spectrum leakage. Also the time 

of acquisition of 1024 samples (Tmeas) of measurement signals uu and ui in order to perform DFT 

influences the selection of fclk. If Tmeas = 20 ms or when it will be a multiple of the period of noising signal 

appearing from the power network (50 Hz), the influence of the noising signal will be eliminated in the 

DFT process. This requirement is very important in case of the measurement of very high impedances 

(Zx > 10 M), at frequencies fm < 1 kHz. 

The AD5933 chip is dedicated for impedance spectroscopy. To do this, the manufacturer assumes the 

frequency sweeping realized by increasing current measurement signal frequency by the value given in 

the frequency increment register. This way, it is possible to use maximum of 511 steps of frequency 

increment. The AD5933 has also starting frequency register which determines first frequency in the 

sweep. In case of using two AD5933 chips, which require synchronous controlling, the authors have 

omitted this possibility. The measurement at each frequency, from the AD5933 point of view, is separated 

by new command. After each measurement, the Reset command is executed, which initializes chip like 

after power on. The SoCs work with external clock source, the frequency of which is set by 

microcontroller before resetting SoC. Performing Reset before each measurement at the selected 

frequency assures full synchronization of the measurement channels for current and voltage realized with 

the aid of two AD5933 chips. 

Taking into account relations between fclk, fm and fs (Fig. 3), an external clock source was assumed 

with a frequency of 16.384 MHz, which is divided by the microcontroller allowing to obtain six values of 

fclk fulfilling the above conditions. Table 1 shows the parameters of the generated measurement signal and 

the number of periods (L) and time Tmeas of acquisition of signal samples. 
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Table 1. Measurement signal parameters 

fclk [Hz] fm [Hz]  fm [Hz] L Tmeas [s] 

8.192 M 10 k-100 k 10 k 20-200 2 m 

819.2 k 1 k-9 k 1 k 20-180 20 m 

100-900 100 2-18 

81.92 10-90 10 2-18 0.2 

8.192 k 1-9 1 2-18 2 

819.2 0.1-0.9 0.1 2-18 20 

81.92 0.01-0.09 0.01 2-18 200 

 

According to the DDS rule, in each frequency decade the sinusoidal signal uo(t) is approximated using 

a different number of samples in a period. The number of approximating steps in the period of the 

generated signal varies from 2048 (for the lowest frequency in each decade) down to about 22 for the 

highest frequency. When using such type of signal to measure impedance Zx in the circuit presented in 

Fig. 3, a differentiation of the slopes of each step can appear. In order to decrease the influence of the 

noising impulses, an additional low-pass filter with a band-pass frequency switched in decades was used 

at the output of the SoC, making the generated signal uo(t) much cleaner. 

The view of the realized device with the measurement cells located on the construction of the high-

voltage pylon is shown in Fig. 1a. Figure 4 presents the internal construction of the measurement module. 

The input circuitry can be seen as a separate PCB placed on the baseboard. The used solution allows 

replacement of the input circuitry depending on the impedance parameters of the tested object. 

 
Fig. 4. View of the internal construction of the impedance measurement module. 

 

The prototype of the module was realized in the form of a virtual instrument. A personal computer was 

used to control the measurement module via USB. A graphical user interface (GUI) was designed (Fig. 

5). 
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Fig. 5. Graphical user interface controlling the impedance measurement module 

 

The GUI allows to program parameters of the measurement (amplitude and frequency of the 

measurement signal) and display of the measured value of the modulus and argument of the impedance of 

the tested object (calculated in the PC on the basis of (1-3). For the presentation of the results of 

impedance spectroscopy of the object in the form of a Bode plot of modulus and argument of impedance 

as a function of the frequency, separate windows were designed in the GUI. 

 

4. Experimental results 

 

Tests of the realized device were made using the reference two-terminal RC network shown in Fig. 6. 

The configuration and the values of the components are a typical example of the equivalent circuit of the 

impedance of anticorrosion coating in the early stage of exploitation (the impedance modulus reaches 

1.5 G at low frequencies). 
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Fig. 6. Electrical diagram of the reference two-terminal RC network. 

 

The selected two-terminal RC network is a good example of the use of impedance spectroscopy for 

diagnostics of anticorrosion coatings of objects located in the field. The capacitors were measured using 

an E4980A precise impedance meter with an error does not exceeding 0.1%, but resistors were measured 

with the aid of the technical method using a reference resistor of 10 M 0.01% and a 34401A 

multimeter. 
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Ten measurement series of the impedance of the two-terminal network were carried out for 

frequencies in range of 100 kHz – 0.01 Hz (with 1-2-5 steps), using a signal with 1VRMS amplitude. The 

mean values for the obtained results of modulus and argument of impedance were calculated. For each 

measurement point the standard deviation for the impedance modulus does not exceed 0.1%, and for the 

argument it is lower than 0.1. 

The use of formulas (1) and (2) to determine the parameters of the measured impedance is correct 

when assuming that the signals uu(t) and ui(t) extracted in the input circuitry and then processed to a 

digital value in SoCs are dependent only on the current ix through and the voltage ux across Zx. In real-life 

conditions, the signals ui and uu are also influenced by the unwanted phenomena (e. g. parasitic 

capacitances, real-life parameters of the operational amplifier used as a voltage-follower etc.) causing 

impedance measurement errors. The analysis of above mentioned errors of the input circuitry in the used 

configuration was done in [21]. It was shown, that the input circuitry mainly influences the accuracy of 

the impedance measurement, so, there is a need of using a correction formula to correct  signals extracted 

in the input circuitry. Taking into account the above, the correction formula was developed Zm: 
1
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  - is the single-pole (3dB) transfer function of amplifier A3, ADC – DC open-loop gain of 

the amplifier [22], 

 cmdifp
cmdif

CCCj
RR

Y  
11

, Cp –capacitance introduced by cables connecting the impedance Zx 

to voltage-follower A4, 

The capacitance CR is resulting from parasitic capacitance of reference resistor, capacitance of reed 

relays and layout capacitances. The highest resistor 100M type GS-1/2 manufactured by TAMA is made 

in thick film technology, and its parasitic capacitance is 0.24pF measured with Agilent LCR Meter 

E4980A. Capacitance across contacts of reed-relay (manufactured by MEDER with switch KSK-1A72 

FORM A (single contact)) is 0.2pF (catalog data). 

The parasitic capacitance is mostly important in case of the highest range resistor of 100M. In this 

case, the resultant capacitance is the sum of self-capacitance of resistor 100M (0.24pF) and 7 resultant 

capacitances for other 7 range resistors which can be connected with relay (the relays are open at this 

time). These capacitances are created from connecting in series capacitance of each resistor and 

capacitance of respective reed relay (7 * [0.24pF in series with 0.2pF] = 0.77pF). Finally, it gives 

summary capacitance CR of about 1pF. 

The used reed-relays are characterized by low resistance in the on-state Ron  100 m. In the worst 

case, when the switch S1 connects range resistor with the smallest resistance RR = 10 , the resistance 

Ron causes an error of 0.1%. Because the range resistors have a tolerance of 0.1%, the maximal error of 

the range resistor can be assumed as 0.2%.  

The relative error of modulus (|Z|) and absolute error of argument (arg(Z)) of impedance of the tested 

two-terminal network were calculated assuming the impedance calculated theoretically on the basis of the 

values of reference components as a real one, the measured impedance was calculated using (3) (Fig. 7). 

Relative error of two-terminal network impedance modulus is in the range of 1.6%, and the absolute 

error of argument 0.6, respectively (excluding the highest frequency point). 
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Fig.7. Relative error of modulus and absolute error of argument of the impedance of the reference two-

terminal RC network. 

 

When analysing the graphs, the increase of errors at frequencies above 10 kHz can be noticed. It is 

caused by the non-symmetrical channels for measurement of current and voltage on Zx. In the whole 

frequency range, a cyclical increase and decrease of errors connected with the varying sampling 

frequency of generation of the measurement signal (using DDS method) can be observed. The influence 

of the changing number of samples in the period of the generated excitation signal is visible. 

In order to fully evaluate the realized interface, the reference two-terminal RC network (Fig. 6) was 

also measured using set of Solartron instruments: 1255 FRA and 1294 Impedance Interface. The 

measurement was carried out in the same conditions like the developed circuit and the obtained results 

were shown in Fig. 7. The analysis of error curves allows to notice that the developed module is 

characterized by the accuracy on the same level like the Solartron set. 

In order to evaluate the usefulness of the measurement module for diagnostics of anticorrosion 

coatings in the field, the impedance of the painted coating on a high-voltage pylon was measured. The 

tests were performed using two measurement cells with 80 cm
2 

surface each, sequentially connected to 

the input terminals of the interface circuit. The cells represent two kinds of the tested painted 

anticorrosion coatings. The curve marked  shows a coating with good quality, but the curve marked by  

represents a coating with numerous pores, where the penetrating electrolyte caused a meaningful decrease 

of the coating resistance Rp. The view of the measurement set is shown in Fig. 8. 
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Fig. 8. Impedance measurements in the field of the anticorrosion coating on a high-voltage pylon, 

using the interface circuit powered and controlled by portable computer via USB  

 

The comparison measurements were performed using an ATLAS 0441 impedance analyzer [23]. The 

results are presented in Fig. 9. 
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Fig. 9. The graph of modulus and argument of the impedance of the anticorrosion coating for two 

measurement cells, measured using the impedance interface and the ATLAS 0441 analyzer. 

 

The graphs shows very good correlation of results obtained with the aid of both instruments. The 

obtained accuracy is better than required for the coating impedance measurement performed in the field. 

 

5. Conclusion 

 

A miniaturized measurement module for impedance spectroscopy of different objects modelled by 

multi-element two-terminal RC networks was developed. It measures impedance in the range of 

100   Zx  10 G at measurement frequencies in the range of 0.1Hz  100 kHz (10 frequencies in 
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each decade). A new solution based on two specialized AD5933 microsystems SoC was proposed in the 

construction of the module. This solution eliminates non-profitable features of microsystem visible when 

using the configuration proposed by the manufacturer, e. g. the necessity of performing a calibration 

measurement, a too narrow range of the measured impedance modulus 1 k  10 M and the 

measurement frequency range 1 kHz  100 kHz. 

The performed measurement of the reference two-terminal RC network using the realized prototype 

of the interface circuit proved the fulfilment of the assumed parameters. The relative error of two-terminal 

network impedance modulus measurement is in the range of 1.6%, and the absolute error of the 

impedance argument is on the level 0.6 (excluding the highest frequency point). The obtained accuracy 

is fully acceptable in case of impedance measurement of anticorrosion coating in the field. The 

comparison measurements performed with the aid of Solartron set of instruments showed that the 

impedance measurement accuracy of the proposed module is comparable to laboratory set of instruments. 

The important advantage of the proposed solution based on AD5933 microsystems is lowering the 

power consumption down to approx. 0.7 W, which makes possible powering the measurement module 

from a PC using the +5 V voltage from the USB. It is a very profitable feature of the module designed to 

work directly in the field.  
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