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Abstract: The article develops a simulation model (based on the MatLab Simulink mathematical processor) of an information-measuring 

system of electrical characteristics (residual surface electric charge, surface layer capacity, etc.) of functional coatings of electronic devices. 

The main purpose of the simulation model was to determine the rational parameters of measurement and control of the information-

measuring system developed by the authors, which would simplify the process of setting up such a system, as well as explore the dynamic 

modes of its operation. The main advantage of the developed simulation model is the ability to conduct an interactive study of the operation 

of the information-measuring system under various, including limiting, modes. Tests of the simulation model of the information-measuring 

system made it possible to study its operation under various conditions and modes of the measurement experiment, as well as to virtually 

determine the rational operating parameters of such a measurement and control system. A satisfactory discrepancy of 8-11,5% was 

established for the experimental results compared with the data obtained analytically, which proves the correctness and adequacy of the 

compiled model. 
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1. Introduction 

 

Microelectromechanical devices and systems (MEMS), which 

have found wide application in many fields of human activity, are 

talking about their widespread introduction and further development 

[1-3]. However, further miniaturization of these devices, 

enhancement of their functionality and reliability, necessitates a 

more compact arrangement of the microcomponents of such MEMS 

in their working volumes. This, in turn, leads to the appearance of 

various electrical (yes, parallel conductors create a harmful 

capacity, whereas any closed circuit with current - forms an 

induction element on the surface of the device) and mechanical 

(tribological, dynamic) interference in such devices [4]. Such 

obstacles should be taken into account at the MEMS design stage. 

However, in most cases, such effects manifest themselves at the 

stages of pilot testing, or in general, the operation of products. 

The main electrical characteristics that have a significant 

effect on the performance of functional coatings are surface electric 

charge and the electrical capacity of the surface layer. 

Therefore, in order to quickly and efficiently determine the 

electric charge and residual electrical capacity in the surface layer 

of the dielectric, which is the basis of most MEMS, it is proposed to 

develop and use information-measuring systems (IMS), electrical 

characteristics of functional coatings of electronic devices. To 

create such an IMS, it is necessary to carry out its simulation in 

order to establish the operating parameters and modes of 

determining the electrical characteristics and eliminate the 

subjective errors that may occur at the stage of IMS design. 

A number of scientists are engaged in the development of 

similar simulation models (however, in most cases for the 

determination of surface and bulk electric charge in dielectrics), 

namely: P.A.Taragaev, S.E.Kuznetsov, E.Sabat, A.Kuffel, and 

others [5-8]. However, in the works of these scientists the results of 

research of residual electric charges arising on the surfaces of 

dielectric materials under the products of microelectronics and 

microcircuitry (silicon, glass, sital, etc.) are insufficiently presented. 

Therefore, the development of a simulation model of IMS 

electrical characteristics of functional coatings of electrical devices, 

which simplifies the process of tuning such IMS and the study of 

the dynamic modes of its operation is an issue that is still 

unresolved. 

The purpose of this work is to develop a simulation model of 

IMS of electrical characteristics (residual electric charge, surface 

layer electric capacity, etc.), which is developed on the basis of a 

mathematical processor at Matlab Simulink and allows to conduct 

interactive studies of the functional coatings of electronic devices 

by this IMS at various (including boundary and boundary) critical) 

modes. 

2. Mathematical description of IMS 

 
Measurement of surface electric charge is carried out 

according to the scheme shown in Fig. 1. 

The surface charge in the dielectric under the detector ring is 

described by the capacitance Ce. The capacitance Cb, which is 

connected in series with the capacitance Ce, is characterized by a 

dielectric region bounded by a detector ring. The Ca capacity is 

characterized by the part of the dielectric that is outside the action 

of the electric charge detector. The basic equations for calculating 

these capacities are as follows: 

𝐶𝑎 =
𝜀𝑟𝑑 ∙𝜀0 ∙ 𝑆−𝑆𝑞  

𝑑
,   (1) 

𝐶𝑏 =
(𝜀𝑟𝑑+𝜀𝑟𝑎 )∙𝜀0 ∙𝑆

𝑑
,    (2) 

𝐶𝑒 =
𝜀𝑟𝑎 ∙𝜀0 ∙𝑆𝑞

𝑑𝑛
,    (3) 

 

 

Fig. 1 Schematic diagram of surface electric charge measurement:  
1 – functional coating (dielectric); 2 – dielectric base; 3 – an electrode;  

4 – electric charge detector 

 

where S is the surface area of the dielectric sample bounded by the 

detector ring; Sq is the surface area of the dielectric below the ring 

of the electric charge detector; d is the thickness of the dielectric; dn 

is the thickness of the surface layer of the dielectric; 0 is the 

dielectric constant (0 = 8,8.10-12); ra - air dielectric constant (ra = 

1); rd is the dielectric constant of a dielectric (for example, for 

glass,  

rd = 2,4). 

The maximum permissible voltage Uc and the total charge q 

measured on the dielectric surface are determined by the following 

formulas: 

𝑈𝑐 =
𝑈𝑎 ∙𝐶𝑏

 𝐶𝑎+𝐶𝑏  
,  (4) 

𝑞 = 𝐶𝑒 ∙ 𝑈𝑐 ,   (5) 
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where Ua is the critical voltage of the dielectric breakdown (for 

glass 1 mm thick, Ua = 5 kV). 

By formulas (1) – (3), the capacity of each dielectric section is 

calculated. Using the formulas (4) and (5), the values of the voltage 

under the detector on the dielectric and the charge generated on it 

were determined. The results obtained at critical stress and different 

surface areas Sq (for dielectrics with parameters: S = 0,05; 0,5;  

 mm2; d = 1,2 mm; dn = 0,1 mm) are presented in Table 1. 

 

 
Table 1: The parameters of the IMS measurement scheme for the critical breakdown voltage are calculated Ua = 5 kV 

Sample 

number 

The surface area of the 

sample bounded by the 
detector ring S [mm2] 

Capacity  

Ca [F] 

Capacity  

Cb [F] 

Capacity  

Ce [F] 

Allowable voltage 

Uc [V] 

Total charge  

q [Coul] 

1 0,05  1,57 2,5.10-15 3,9.10-15 1,2.10-15 3043,6 3,8.10-12 

2 0,5  3,14 26,9.10-15 39,1.10-15 3,9.10-15 2965,7 11,6.10-12 

3   6,28 54,2.10-15 78,3.10-15 5,5.10-15 2955,5 16,3.10-12 

3. The procedure for developing a simulation 

model 

 
Based on the obtained capacitance values (Table 1) 

characterizing the surface layer on the dielectric material, 

simulation of the distribution of the generated electric charge was 

simulated. 

Compilation of the simulation model was carried out in order 

to determine the rational parameters of measurement and control, 

developed by the authors of the information-measuring system, 

which would allow to simplify the process of setting up such a 

system, as well as to study the dynamic modes of its operation. For 

modeling, the modern simulation tool “MATLab Simulink” was 

used, which makes it possible to significantly simplify the analysis 

of modern IMS with different algorithms of their operation [9]. 

A simulation model of IMS created in the MATLab Simulink 

environment is presented at Fig.2. 

 

 

 
Fig. 2 IMS simulation model of electrical characteristics of functional coatings (“МATLab Simulink”) 

 

The developed simulation model represents a set of blocks 

that model the operation of the IMS electrical characteristics of 

functional coatings. This model contains the following blocks: 

Surface charge simulation, which changes by stochastic law every 

0,05 seconds, and whose main purpose is to simulate surface charge 

arising on the dielectric surface and to be measured; Discrete-time 

integrator simulates the change and distribution of electric charge 

over the surface over time; saturation unit allows to determine the 

limiting cumulative capacity of the measuring sensor; blocks of 

execution of mathematical operations (Abs, Product, Add) are 

intended for realization of simpler mathematical operations for 

calculation of measured electric charge and its distribution; The 

memory unit (Memory) accumulates and stores measured charge 

data; amplifier (Gain) enhances the measured value of the charge to 

a level sufficient to display it on information devices; a linear 

source (Ramp) signal source designed to form on the information 

devices a correct pattern of electric charge distribution over time; 

assignments of a number of information devices (Osciloscope and 

others) - intended for information display of information on the 

maximum charge accumulated on the measuring section, its 

amplitude and frequency characteristics, as well as distribution over 

the measuring section over time [10]. 

The principle of operation of such IMS can be explained by 

the example of a simulation model developed and it is as follows. 

At the initial stage, when there is no residual surface charge 

on the measuring sensor, the Abs and Product blocks are not 

signaled, respectively, the entire electrical circuit of the device is at 

a "pause" - it has a zero output level. 

When raising the measuring sensor at a sufficient distance 

(determined by the amount of surface charge absorbed by the sensor 

necessary to ensure the minimum current level in the Saturation 

block) to the dielectric surface of the area to be measured, a 

minimum signal level appears on the corresponding blocks of 

mathematical operations (Abs Product) leading to a signal on the 

following blocks of the circuit. The Saturation unit is required to 

protect the developed IMS from accumulating too high an electric 

charge, which can lead to an electrical breakdown and, 

consequently, to the failure of the entire IMS. The values of the 

parameters of this block cannot be changed. On the other hand, the 

minimum value of the output parameter is the IMS sensitivity limit. 

After the Saturation block, the output is output to the Add 

adder, which is connected in parallel with the Memory block. 

In parallel to the link leading to the adder, the output signal is 

fed to the Product block, where it is multiplied by the signal 

received from the Discrete-time integrator block. The main purpose 
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of the Product unit is to approximate as closely as possible the 

simulation model of electric charge distribution over the selected 

area of the studied surface by scaling the stochastic electric charge 

generated in the Surface charge simulation in the time range 

specified by the Discrete-time integrator. After further amplification 

in the Gain block, the charge signal simultaneously arrives at 

Osciloscope and the unit visualizes the amplitude-frequency 

characteristics of the received signal in time (Charge distribution in 

the measured area over time). 

Osciloscope block allows to obtain the distribution of 

electrical signal on the area of the study surface in terms of 

amplitude-frequency characteristics over time. 

In order to obtain an energy distribution of the electrical 

signal, in addition to the amplified signal, a steady signal from the 

Ramp unit is sent to the Charge dictribution in the measured area 

over time unit, which allows considering the distribution of the 

output signal in the visualization unit as a non-decaying signal that 

does not decrease over time due to electrical and energy costs for 

the IMS elements. This minimizes the signal flow in the circuit of 

the measuring system and provides the approximate approximation 

of the simulated electric charge distribution to its true distribution 

over the surface. 

Caution should also be exercised when setting coefficients 

(especially in the Saturation, Gain, and Discrete-time integrator 

blocks), as incorrectly set them can cause the system under test to 

become unstable, which is unacceptable. 

 

4. Discussion of simulation results 

 
The results of the simulation model of the electrical 

characteristics of the functional coatings allowed us to determine 

and investigate the change in the energy distribution of the electric 

charge at the test site of materials with different conductivity 

(Fig.3), as well as the change in the value of such charge over the 

time during which the study was conducted (Fig.4) . 

 
a 

 
b 

 
c 

Fig.3 Changing the energy distribution of the electric charge at the test site of materials during the measurement time (10 s): a – on the conductor (grounded 

solid silver coating Ag-999 on a dielectric basis); b – on unpolarized dielectric (K-8 optical glass); c – on polarized dielectric (PZT-8 piezoelectric ceramics) 
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a 

 

b 

 

c 

Fig.4 Changes in the value of the electric charge on the test section of the materials during the measurement time (10 s): a – on the conductor (grounded solid 
silver coating Ag-999 on a dielectric basis); b – on unpolarized dielectric (K-8 optical glass); c – on polarized dielectric (PZT-8 piezoelectric ceramics) 

 

In the process of analysis of the change in the energy 

distribution of the residual electric charge in the studied area 

(Fig.3): 

- in the case of a grounded conductor (Fig.3.a), there is no 

residual electrical signal (small disturbances of the distribution 

curve determine the noises caused by the electrical and magnetic 

action of the external fields, as well as interference with the 

electronic measurement circuit itself); 

- in the case of unpolarized dielectric research (Fig.3.b), a 

sharp one-off perturbation of an electrical signal is observed, which 

immediately fades. Such perturbation corresponds to the residual 

surface charge accumulated on the surface of the unpolarized 

dielectric due to electrical and mechanical external action; 

- in the case of a polarized dielectric (Fig.3.c), the charge and 

magnitude distribution of the electric charge are observed. 

However, as you can see, this distribution is periodic with a period 

T  0,6 – 1,5 s (Fig.3.c, Fig.4.c) (this period corresponds to the 

range of operating parameters of the Discrete-time integrator), 

which can be explained by the accumulation and maintenance of 

residual charge on the surface of the material due to the electric 

field energy accumulated in the material, as well as the dynamically 

variable volumetric electrical anisotropy, which is a feature of 

polarized dielectric. Such a dynamic change in the electric field 

inside the dielectric also explains the different distribution of the 

electrical signal (which mimics the instantaneous charge on the test 

surface at a certain point in time) over time. 

A similar situation for different materials according to the 

electrical properties of materials is observed in the study of changes 

in the actual value of the electric charge in the studied area (Fig. 4). 

The only difference in obtaining such dependencies is that when 

studying conductive material or unpolarized dielectric, there is no 

zero level of the output signal generated by the source of the 

additional Ramp signal. 

In the process of research, analysis and subsequent 

comparison of the results of the simulation model with the data 

obtained experimentally for certain modes and time points of 

measurement, it was found that these results have a discrepancy of 8 

– 11,5%, which proves the correctness and adequacy of the 

compiled simulation model. 

 

5. Conclusion 

 
Thus, the developed and tested simulation model of the 

information-measuring system of electrical characteristics (residual 

surface electric charge, electrical capacity of the surface layer, etc.) 

of functional coatings of electronic devices allows to study its 

operation, as well as to virtually determine the rational operating 

parameters of this system. 

The tests of the simulation model of the information-

measuring system made it possible to investigate its operation under 

different conditions and modes of conducting the measurement 

experiment, as well as to virtually determine the rational operating 

parameters of the measurement and control system. 

A satisfactory discrepancy of 8 – 11,5% for the experimental 

results compared to the data obtained by the simulation modeling 

method was established, which proves the correctness and adequacy 

of the developed simulation model. 
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