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Abstract: Plasma discharges under atmospheric pressure can be used to modify the electrical properties of metallic and dielectric surfaces. 

The aim of such a modification is to achieve an improvement in the characteristic parameters of the surface, for example in the area of the 

electrical strength of the surface, in order to achieve a higher ultimate level of electrical breakdown Eb when tested with pulsed or alternating 

electrical voltages. So far, research has focused on a set of functional experiments carried out using plasma on samples of two types of 

dielectric materials (thermoset, thermoplastic) with an impact on the final effect of the level of electrical breakdown voltage, electrical 

intensity and Eb. surface conductivity. The treatment technology requires repeatability and consideration of the industrial deployment 

conditions of plasma technology. The surface structure was modified in a defined and repeatable way by plasma discharge under atmospheric 

pressure without the presence of precursors. Methods to evaluate these modifications assessed the change in parameters related to sample 

type, repeatability and prediction of treatment stability. Subsequently, the surface strength of both the modified samples and the samples not 

affected by the plasma discharge was measured. 
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1. INTRODUCTION 

In surface treatment technology, plasma discharge 

treatment [1] is used to adjust the parameters of the upper 

layers of material surfaces. It is performed on various changes 

of surface properties at the molecular and atomic level [2]. 

The treatment technology uses physical or chemical changes 

of the target material by specially generated plasma using 

specially designed generators [3] under repeatable, 

predefined conditions. The vacuum technology of plasma-

enhanced chemical vapor deposition (PECVD) is frequently 

used. However, high-frequency discharge generators to 

produce plasma at atmospheric pressure are also expanding. 

These technologies have several advantages over vacuum 

applications. 

Methods for generating non-thermal high-frequency 

plasma discharges have been introduced in industry and have 

application potential [4]-[5]. The technology is well known 

and is used in the field of thin film deposition [6] and surface 

modifications. The advantage of using plasma discharges 

under atmospheric pressure is that local structures can be 

easily generated with the supplied precursors [7]. The 

electromagnetohydrodynamics (EMHD) [1] of plasma 

discharges depends on the parameters of the electrical 

generator and the chamber that excites the plasma [8]-[10]. 

A simple chamber arrangement can include a device that uses 

a central RF electrode and an argon atmosphere [7] to form a 

generator system (kINPen). This approach has been used for 

the generation of COST microplasma current in He [8] and 

the use of an RF plasma pencil for plasma generation [9]. 

Furthermore, this method was supported by parallel RF and 

grounded electrodes [8] and the RF plasma pencil. 

The plasma generators contain an electrical generator and 

a high-frequency electrode system with an operating 

frequency of  f = 13.56 MHz. When the generator system is 

in operation, an atmosphere composed of argon, nitrogen and 

other gases flows through the chamber, either independently 

or with the addition of precursor gases or substances [9]. The 

electromagnetic discharge parameters are determined by the 

geometrical arrangement of the chamber, the electrodes, the 

shape of the excitation signal of the RF generator and other 

related parameters [10]-[12]. 

2. SURFACE STRENGTH OF INSULATORS 

Due to the development in the design and manufacture of 

HV and MV devices [13]-[15] and equipment [16]-[17], [19], 

one of the studied product parameters is the ability to 

withstand the effect of electrical surges. This parameter is 

tested using two methods. The first is a shock wave, the 
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second test is a harmonic electric voltage (f = 50 or 60 Hz) for 

a duration of ttest = 1 s in accordance with the corresponding 

recommendations of the relevant standards. During this test 

(pulse or harmonic voltage waveform for ttest = 1 s), an 

electrical breakdown may occur in the device or on its surface 

through the volume of the insulator or at the interface of the 

insulator (dielectric/metal, dielectric/dielectric), Fig. 1. The 

tests are repeated to ensure the stability of the measured 

parameters. 

Research into the electrical strength (Eb) of the product 

(breakdown parameters) during testing is important for 

equipment design and material selection, modification and 

assembly technology. The aim is to find a repeatable 

manufacturing process and to achieve the maximum electric 

field strength Ep during the prescribed and performed tests 

(Ep = Eb), and thus ensure the safety of the equipment during 

its operation, especially at the insulator interface (Fig. 1). 
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Fig. 1.  The principle of the HV test for the surface electric field 

intensity Ep [V/m] of the proposed device. 
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Fig. 2.  Increase of the surface electric field intensity Ep of the 

proposed device by changing the micro/nano surface properties of 

the insulator. 

The low values achieved in the Ep electric field intensity 

tests and the repeatability of the HV test parameters have so 

far been addressed by standard "macroscopic" methods: 

1. Designing a longer electric field intensity Ep jump path 

(Fig. 1), distance d or surface shape modifications 

(Fig. 3). 

2. Designing changes in the electric breakdown conditions 

of the electric field intensity Ep (Fig. 1), and changing 

the surface properties while maintaining the distance d 

by adjusting the micro/nano surface properties [20], 

Fig. 2. 

Testing the surface properties of dielectric materials is 

defined in published standards. Schematically, this method 

could be expressed as the determination of the values of 

breakdown stress Ud and breakdown intensity Eb, according 

to the configuration in Fig. 3. Based on traditional experience 

from empirical measurements [21], an approximate 

relationship between bulk and surface electric strength can be 

established by the expression: 

 
𝐸𝑝𝑛,

𝐸𝑝𝑡,
=

100 ∙ 103

300
=

1

3
 103 (1) 

where Epn, is the electric field intensity in the normal 

direction of a material with the relative permittivity r, and 

Ept, is the electric field intensity in the tangential direction. 

The standard design of the interface shapes and dimensions 

of the insulation materials of the device under test then 

encounters critical parameters, and the key factor is expressed 

by the formula: 

 
𝑎

𝑏
=

𝑟,𝑑2

𝑟,𝑑1
 (2) 

where a, b are the distances and dimensions of the dielectric 

shaping, r,d1 is the relative permittivity of the surrounding 

dielectric (air), r,d2 is the relative permittivity of the dielectric 

(insulator material), according to Fig. 3. 

 

Fig. 3.  The principal arrangement electrodes and dielectrics for 

measuring the surface electrical strength Eb [V/m]. 

One of the progressive methods for increasing the surface 

electric field intensity of  Ep in the development of a particular 

device is the use of microscopic (nanoscopic) modifications 

of the surface of the dielectric/dielectric interface. Surface 

modification techniques such as sandblasting are known to 

allow microscopic modifications of surface properties [15]-

[17]. Another progressive method is the modification/ 

deposition of a nanosurface on a dielectric to increase the 

surface electric field intensity value Ep. In this context, the 

effects of residual electric charges  [C/m2] on the surface 

during impact stress tests are also known [22]. 

Current techniques [23] provide some plasma discharge 

properties that can be used in a method that results in a 

reduction of surface discharge in a device or apparatus. From 

the experimental projects published to date [12], [18], [20]-

[21], [25]-[26], [29], this route appears to be an effective 

direction for the formation of layered materials at the 

dielectric interface and the formation of nanomaterial 

composites with a basis for a subsequent increase in the 

electric surface intensity of Ept,. 
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3. ELECTRICAL SURFACE STRENGTH ADJUSTMENTS 

Long-term durability testing of HV devices or HV 
equipment also includes a test of the effects of the ultimate 
electrical strength of the surface with an assessment of the 
wear/destruction of the insulator surface. Surface erosion can 
occur if the settings are incorrect, Fig. 4. To prevent such 
conditions, it is possible to numerically model the probability 
of erosion due to the long-term effect of the tangential 
component of the electrical intensity Et [16] and set 
appropriate conditions in the design of the device. Another 
way to address this problem is to retrofit the insulator or its 
surface, Fig. 3. 

Changes in the surface properties of insulators are assessed 
by measuring the surface resistance Rp and correlating it with 
the resistance to the tangential component of the electric field 
intensity Et. 

The evaluation and finding of the tangential component of 
the intensity is carried out by measuring the surface resistance 

Rp [] and the residual surface electric charge  [C/m2]. In 
order to determine the effect of surface modifications, this 
measurement is performed before and after the application of 
the plasma discharge in a specific time interval  t [s] (t = 24 h, 
t = 48 h, t = 72 h, t = 96 h, t = 120 h, t = 144 h). 

 

Fig. 4.  The effect of boundary surface electrical strength in the 

aging test process of HV electrical apparatus insulation material. 

4. APPLICATION OF PLASMA FOR THE TREATMENT OF 

DIELECTRIC SURFACES 

An atmospheric pressure plasma generation chamber in 

argon, argon-nitrogen or argon-oxygen atmosphere was 

numerically modeled and the electromagnetic field (EMF) 

distribution, electric E- and magnetic H-field intensity, power 

transfer and spectral distribution of these components in the 

frequency range f1 = 13.56 MHz to 1 GHz were analyzed. 

The chamber was excited by a powerful HF generator with 

parametrically adjustable power P = 10-1000 W for the first 

harmonic f1. Fig. 5 shows a real chamber and its schematic 

structure. The chamber generates a slit jet (PSJ) of plasma. 

Fig. 6 shows the 3D model for the finite element analysis 

[13]-[14] in ANSYS, with most of the HFSS module included 

in the system. The boundary and initial conditions for the 

Hamonian nanolysis of the fundamental frequency 

component of the excitation chamber f = 13.56 MHz were 

defined. Fig. 7 shows the frequency characteristics of the 

chamber model when the plasma discharge is ignited using an 

experimentally verifiable, previously published method [26]. 

Fig. 8 and Fig. 9  interpret  the  distribution of the electric 

field strength  modulus  E and  the  magnetic  field strength 

modulus H. 

 
(a) 

 
(b) 

Fig. 5.  Photo of the plasma chamber (a) and its schematic in cross 

section (b): 

1. Shield cover (aluminum) 

2. Supporting part made of PA6 

3. Coaxial cable (50 ) 

4. Argon flow homogenization 

5. Mica composite plates (COGETHERM P) 

6. Cavity (slot) 

7. Plasma jet 

8. Sample (dielectric plate) 

9. Coil threads 

10. High frequency electrode system (high voltage coil turns) 

11. Folding ground electrode (part of the shield cover) 

12. Dielectric plates of the environmental breakdown limiter 

13. Support plates for coil turns (mica composite) 

14. Sliding tuning plates (aluminum) 

 

  
 

Fig. 6.  The geometric model of the 3D PSJ, detail of the chamber 

section at its mouth, ANSYS HFSS system. 
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                                                        (a)                                                                                                   (b) 

Fig. 7.  Frequency analysis of the PSJ input transmission characteristics for the case of existence with plasma, developed in the numerical 

FEM model for the EMG field: (a) and (b) |Z11|, Z11. 

           
                                                         (a)                                                                                                (b) 

Fig. 8.  The display of the EMG field quantities of a PSJ type plasma chamber for a power of  Pout = 600 W and a frequency of  f = 13.56 MHz 

(distance of the plasma chamber mouth of 10 mm from the dielectric material r = 6, thickness of 3 mm, under which the plate is located): 

(a) electric field strength modulus and (b) magnetic field strength modulus. 

             
                                                         (a)                                                                                                (b) 

Fig. 9.  Detail of the EMG field model of the PSJ type A plasma nozzle from Fig. 6 (plane 2): (a) electric field strength modulus, (b) magnetic 

field strength modulus. 
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                          (a)                                        (b)                                                 (c)                                                      (d) 

Fig. 10.  Detail of the RF plasma discharge interacting with a substrate material with contrasting properties (metal, dielectric): (a) overall 

view of the discharge interacting with the dielectric substrate (r = 6), (b) overall view of the discharge interacting with the metallic grounded 

substrate (aluminum), (c) detail of the plasma/plasma channels on the surface of the dielectric substrate (stable central plasma channel 

branching into relatively long side channels with high dynamics of expression), (d) detail of the discharge on the surface of the metallic 

grounded pad (stable central plasma channel that merges into the cathode plate in the form of many short plasma channels with extremely 

high dynamics of expression, Fig. 11. 

             

(b1) 
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                        (a)                                                                                                       (b) 

       
                                    (b1)                                                               (b2)                                                                 (b3) 

Fig. 11.  Example for the comparison of the influence of the Ar flow rate and the power of the RF source on the number and dynamic 

behavior of the plasma channels at a plasma discharge slit width of 150 mm (a) side view, shutter speed 1/30 s, (b) side view (fast camera) 

for the plasma discharge mouth height of 10 mm above the dielectric pad (r = 10) and the steady state (without pad movement): (b1) power 

Pout = 500 W, flow rate Ar w = 4 m3/h, (b2) power Pout = 500 W, flow rate Ar w = 6 m3/h, (b3) power Pout = 600 W, flow rate Ar w = 6 m3/h. 

 

The numerical model influences the boundary and initial 

conditions of the EMG field of plasma discharge generation 

and propagation. The numerical modeling and analysis were 

complemented by the experimental verification of the 

discharge and its evaluation, Fig. 10. Fig. 11. A fast camera 

was used to capture the discharge dynamics and the tests of 

the basic parameters were evaluated with respect to the 

desired influence on the surface dielectric of the test sample. 

The first plasma discharge setup and the test of the effect 

on the dielectric samples were carried out using the 

parameters determined in this way. 

5. METHODOLOGY FOR MEASURING AND EVALUATING 

SURFACE INTENSITY EPT 

The surface resistivity p (also surface resistance Rp) can 

be measured according to the recommendations of the 

standards [30], but it is not necessary to follow them strictly. 

For the first validation of the method, a device for evaluating 

the surface resistivity of the samples with a concentric ring 

probe and an electrometer (Keithley 6517A) was used, 

Fig. 12. The basic measured quantity is the determination of 

the surface resistivity Rp of the materials and the dimensions 

of the probe, which are r1 = 12.2 mm, r2 = 21.0 mm. Probe 

resistance Rs = 6.18406 .1011 Ω. 

As the probe resistance Rs is of the same order of 

magnitude as the evaluated surface resistance Rp of the 

material sample under test, this condition must be considered 

when evaluating the surface resistance. An alternative circuit 

with resistors connected in parallel is shown in Fig. 13, from 

which the surface resistance of the sample Rp is determined: 

 
1

𝑅𝑐
=

1

𝑅𝑠
+

1

𝑅𝑝
 (3) 
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where Rc is the total measured resistance. After the 

adjustment, the surface resistance is:  

 𝑅𝑝 =
𝑅𝑐∙𝑅𝑠

𝑅𝑐−𝑅𝑠
 (4) 

  

100 mm 100 mm 

 
                          (a)                                               (b) 

   

r1 
r2 

 
                          (c)                                               (d) 

Fig. 12.  Test samples of dielectric materials used for HV insulators: 

(a) epoxy base-thermoset type, (b) PE-thermoplastic base, 

(c) chamber and probe sample for measurement and evaluation of 

surface electric intensity Ept, (d) geometrical arrangement of probe 

electrodes. 

The relationship between the surface resistance Rp and the 

surface resistivity p can be found by determining the surface 

current density in the region between the rings of the circular 

probe. The electric field intensity Ep in the intermediate ring 

can be determined from knowledge of the surface current 

density Jp . Let us define r1 as the radius of the inner electrode 

and r2 as the inner radius of the outer ring electrode 

(Fig. 12(d)).  

 

Elektrodový systém 

Povrchové mikro/nano 

vlastnosti  

Rp 

Rs 

Rc 
 

Fig. 13.  Substitute schematic of the electrical arrangement of the 

sample resistors Rp and the characteristics of the measuring probe 

Rs. 

Then the surface current density Jp [Am-1] for the 

concentric ring probe is expressed as: 

 𝐽𝑝 =
𝐼𝑝

2𝜋𝑟
, (5) 

where r is the distance between the electrodes with radii r1 

and r2, Ip is the surface value of the electric current. It is 

assumed that when measuring the surface resistivity or 

resistivity in any material, the electric currents between the 

electrodes propagate along the surface and do not penetrate 

into the volume of the material. For this purpose, some more 

advanced techniques have been developed to measure surface 

resistivity [23]. for the following then applies to the current 

density Jp and the electric field intensity Ep: 

 𝐽𝑝 =
𝐸𝑝

𝜌𝑝
. (6) 

The surface electric field intensity between the concentric 

rings of the probe Ep, Fig. 12(d), can be determined using 

equations (3) and (4): 

 𝐸𝑝 =
𝜌𝑝𝐼𝑝

2𝜋𝑟
. (7) 

The electric voltage between the electrodes can be 

determined by integrating the electric field intensity Ep from 

r1 to r2: 

𝑈𝑟1,𝑟2
= ∫ 𝐸𝑝

𝑟2

𝑟1
𝑑𝑟 = ∫

𝜌𝑝𝐼𝑝

2𝜋𝑟

𝑟2

𝑟1
𝑑𝑟 =

𝜌𝑝𝐼𝑝

2𝜋
∫

1

𝑟

𝑟2

𝑟1
𝑑𝑟 =

𝜌𝑝𝐼𝑝

2𝜋
ln (

𝑟2

𝑟1
).

  (8) 

After taking Rp = Ur1,r2/Ip the following is true: 

 𝑅𝑝 =
𝜌𝑝

2𝜋
ln (

𝑟2

𝑟1
). (9) 

After adjusting the relationship, it is clear that the 

difference between the surface resistivity and the surface 

resistance is only a constant that depends on the geometry of 

the electrodes: 

 𝜌𝑝 = 𝑅𝑝
2𝜋

ln(
𝑟2
𝑟1

)
= 𝑅𝑝 ∙ 𝑘, (10) 

where k is the coefficient of the probe geometry [24]. 

A. Detailed description of the plasma surface treatment 

The plasma (in the argon atmosphere) is generated using a 

system consisting of a power HF generator and a plasma 

chamber. The chamber generates the slit jet - PSJ, the 

effective area of the plasma jet is 150 mm. The plasma is 

generated with a flow rate of w = 4 m3/h of gas (argon). The 

high-frequency power generator to produce PSJ has an 

operating frequency of the first harmonic at  f1 = 13.56 MHz 

and the output is regulated to a power of up to Pout = 600 W. 

In the pilot test series for surface treatment of dielectric 

samples (6 samples, 2 control measurements), the power was 

set to Pout = 500 W, Fig. 14(a). The repeatability of the 

plasma effect on the sample was ensured by an automated 

feed with a set constant feed rate. The samples and their 

surfaces were repeatedly (twice) subjected to plasma amples 

were exposed, while 2 pc of the samples were left unexposed 

to compare the measured parameters, Fig. 7(b). The distance 

of the mouth of the plasma nozzle from the sample surface 

was micrometrically adjusted to d = 10.0 mm. 
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(b) 

Fig. 14.  Schematic representation of the measurement process and 

the verification of the parameters of the tested dielectric samples, 

(a) pilot measurement for the 1st set of samples, (b) measurement for 

the 2nd set of samples. 

B. Surface treatment and measuring methodologies 

The test methodology [26]-[28] and the relevant 

parameters were verified as follows (Fig. 14):  

1. In the first step, the proposed methodology was used to 

measure a pair of 6 pc samples, two of which were 

without surface treatment. The treatment was performed 

on samples of both material types.  

2. After verifying the parameters and repeatability of the 

discharge exposure, the procedure was performed again, 

this time on 18 pc samples of both material types.  

3. Before and after the sample surface was exposed to the 

plasma discharge, the following was measured and 

evaluated: the residual surface electric charge  [C/m2], 

the surface resistance Rp [Ω], and the electric current 

flowing through the sample Is [A], the evaluated 

electric field intensities on the sample surface  Ept [V/m].  

4. The time dependence of the stability of the parameters 

Rp, Is, Ept was monitored and the measurement according 

to point 2 was repeated at predefined time intervals T, 

namely 24 h, 48 h, 72 h, and 120 h to 144 h after 

exposure to the plasma discharge.  

5. Post-exposure samples were transported in a container 

with defined material and surface conductivity, 

predefined dimensions and material structure/ 

composition. The electric surface charge of the transport 

boxes was measured and adjusted to ensure a minimum 

surface charge of the exposed sample during storage and 

transportation to the measurement laboratory.  

The parameters of the samples after exposure were 

measured according to the above methodology with the 

following steps:  

a. Calibration of the measuring system: device, probe, 

environment, unexposed sample,  

b. Measurement and evaluation of the resistance Rc with 

CA-6543,  

c. Simultaneous measurement of the electric current with a 

Kethley probe,  

d. Evaluation of the resistance Rv, the electric surface 

charge density  and the electric field intensity Ep in 

exposed and unexposed samples,  

e. The entire procedure 1-4 was repeated for the interval 

T = 24 h, 48 h, 72 h, and 120 h to 144 h,  

f. Evaluation of the measured data and graphical 

recording. 

Based on the measurement methodology described above, 

the evaluation of the time dependence of the observed 

treatment parameters and the verification of the influence of 

the surface conductivity/resistance of the insulator sample 

and the magnitude of the electric field intensity Ep are shown 

graphically in Fig. 15 and Fig. 16.  

 

Epoxy 

Polymer 

Logaritmic app. Epoxy 

Logaritmic app. Polymer 

 

Fig. 15.  Evaluation of the time stability of the first series of samples 

treated with argon plasma (N = 16) of both types of plastic (epoxy-

based, polymer-based). 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Fig. 16.  Evaluation of the electric surface intensity Ept as a function 

of the measurement from the time of plasma surface treatment 

(a) t = 48 h, (b) t = 96 h, (c) t = 120 h, (d) t = 144 h); thermoset 

sample (the dashed value is the evaluated average value of the 

quantity). 

6. RESULTS 

Using the measurement methodology described, the data 

evaluation was performed with a partial graphical 

representation of the evaluation of the dependence of the 

observed treatment parameters on time and the verification of 

the change in the surface conductivity/resistivity, the 

electrical strength  E of the insulator sample. A generator with 

an output power of Pout = 10-1000 W, Uout = 300-600 V, 

periodic signal and first harmonic f1 = 13.56 MHz was used 

for the plasma treatment. The evaluations of the measured 

parameters can be found in Table 1 and Table 2. 

Graphical waveforms of the changes in the measured 

parameters, Fig. 8, and the subsequently evaluated electric 

surface strengths of the insulator samples as a function of time 

(from the exposure time without precursor) are shown in 

Fig. 16. The surface resistance of the untreated samples of the 

second series of materials was Rp,tset = 0.082 T and 

Rp,tplast = 0.092 T. Plasma surface treatment without 

precursors shows that the surface resistance Rp for 

thermoplastic materials and thermosets increases and does 

not decrease with time, but stabilizes at higher values, 

Fig. 15. Further research will focus on the selection and use 

of precursors; the effects on surface resistance Rp and its 

stability over time will also be investigated. 

7. DISCUSSION  

The methodology described and the exemplary 

implementation of repeated plasma exposure on the surface 

of a dielectric material have shown that a nanometer-scale 

change in the surface can influence the surface electrical 

strength. The methodology and process were chosen with 

regard to the intended application of the method in industrial 

use in the manufacture of HV and MV equipment. In this 

production process, the surfaces cannot be specially 

chemically prepared for plasma treatment for economic 

reasons, nor can they be treated over longer periods of time. 

The samples of the tested materials were therefore prepared 

with this in mind. It was also necessary to consider the 

subsequent process in the manufacture of the devices, where 

the device cannot be stored for long periods and somehow 

packaged in special packaging materials.  

Therefore, the methodology pays more attention to the 

residual electric charge on the surface of the dielectric after 

plasma treatment. This part will be closely monitored in 

future measurements. The first measurements and sample 

manipulations [12] have shown that the surface charge can 

influence the resulting evaluated electric field intensity jump 

parameter. 

Table 1 and Table 2 show the measurements by time 

interval. They show that the sample manipulation can 

influence the measurement and its result. It was evident in the 

measurement and evaluation after 140 hours due to the 

influence of the plasma, Fig. 15. 
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Table 1.  Measurement I - first set of samples - Measurement and evaluation of dielectric material samples by plasma discharge. 

Measurement I 
 

to 24 h to 48 h to 96 h to 120 h to 144 h 

Timeline Rp Is Rp Is Rp Is Rp Is Rp Is 

Sample TΩ nA TΩ nA TΩ nA TΩ nA TΩ nA 

*E1 0.128 3.834 0.179 2.791 0.339 1.473 0.407 1.252 0.259 1.925 

E2 0.082 5.958 0.175 2.855 0.489 1.022 0.345 1.414 0.219 2.280 

E3 0.123 3.995 0.173 2.887 0.344 1.455 0.328 1.510 0.228 2.193 

E4 0.119 4.295 0.159 3.187 0.342 1.510 0.321 1.628 0.238 1.981 

E5 0.109 4.531 0.169 2.951 0.325 1.538 0.295 1.765 0.295 1.695 

E1 0.092 5.439 0.155 3.226 0.293 1.705 0.413 1.172 0.215 2.327 

E2 0.124 4.023 0.168 2.980 0.293 1.706 0.397 1.256 0.295 1.695 

E3 0.086 5.901 0.216 2.320 0.339 1.475 0.438 1.158 0.208 2.406 

E4 0.105 4.861 0.218 2.282 0.310 1.610 0.439 1.149 0.202 2.489 

E5 0.104 4.986 0.219 2.081 0.311 1.584 0.442 1.087 0.201 2.521 

Avg. 0.140 
 

0.214 
 

0.460 
 

0.424 
 

0.310 
 

Avg. 0.128  0.244  0.387  0.532  0.280  

*E … epoxy          
 

 

 
Table 2.  Measurement II - second set of samples  - Measurement and evaluation of dielectric material samples by plasma discharge. 

Measurement II 
 

to 24 h to 48 h to 96 h to 120 h to 144 h 

Timeline Rp Is E Rp Is E Rp Is E Rp Is E Rp Is E 

Sample TΩ nA V/mm TΩ nA V/mm TΩ nA V/mm TΩ nA V/mm TΩ nA V/mm 

*TP1 0.082 6.085 0.1044 0.245 2.033 0.1042 0.357 1.333 0.0996 0.497 1.084 0.1127 0.265 1.886 0.1046 

TP2 0.128 3.834 0.1027 0.179 2.791 0.1045 0.339 1.473 0.1044 0.407 1.252 0.1066 0.259 1.925 0.1043 

TP3 0.108 4.762 0.1076 0.165 3.019 0.1042 0.441 1.135 0.1047 0.327 1.782 0.1219 0.224 2.236 0.1048 

TP4 0.082 5.958 0.1022 0.175 2.855 0.1045 0.489 1.022 0.1046 0.345 1.414 0.1021 0.219 2.280 0.1045 

TP5 0.112 4.543 0.1065 0.202 2.476 0.1047 0.382 1.308 0.1045 0.402 1.326 0.1115 0.174 2.879 0.1048 

TP6 0.123 3.995 0.1028 0.173 2.887 0.1045 0.344 1.455 0.1047 0.328 1.510 0.1036 0.228 2.193 0.1046 

TP7 0.126 4.038 0.1065 0.179 2.800 0.1049 0.314 1.592 0.1046 0.457 1.184 0.1132 0.235 2.125 0.1045 

TP8 0.109 4.531 0.1033 0.169 2.951 0.1044 0.325 1.538 0.1046 0.295 1.765 0.1089 0.295 1.695 0.1046 

**EP1 0.113 4.221 0.0998 0.163 3.058 0.1043 0.431 1.159 0.1045 0.340 1.434 0.1020 0.256 1.949 0.1044 

EP2 0.092 5.439 0.1047 0.155 3.226 0.1046 0.293 1.705 0.1045 0.413 1.172 0.1013 0.215 2.327 0.1047 

EP3 0.092 5.185 0.0998 0.153 3.268 0.1046 0.345 1.445 0.1043 0.427 1.175 0.1050 0.241 2.078 0.1048 

EP4 0.124 4.023 0.1044 0.168 2.980 0.1048 0.293 1.706 0.1046 0.397 1.256 0.1043 0.295 1.695 0.1046 

EP5 0.083 5.875 0.1020 0.161 3.115 0.1049 0.459 1.088 0.1045 0.434 1.167 0.1060 0.196 2.545 0.1044 

EP6 0.086 5.901 0.1062 0.216 2.320 0.1049 0.339 1.475 0.1046 0.438 1.158 0.1061 0.208 2.406 0.1047 

EP7 0.082 5.918 0.1015 0.171 2.916 0.1043 0.310 1.611 0.1045 0.321 1.541 0.1035 0.221 2.262 0.1046 

EP8 0.104 4.861 0.1058 0.219 2.282 0.1046 0.311 1.610 0.1048 0.442 1.208 0.1117 0.201 2.489 0.1047 

Avg. 0.109 
  

0.186 
  

0.374 
  

0.382 
  

0.237 
  

Avg. 0.097 
  

0.176 
  

0.348 
  

0.402 
  

0.229 
  

*TP ... thermoplastic  **EP ... epoxy          
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8. CONCLUSION 

The proposed method for measuring and evaluating the 

effects of plasma surface treatment of the dielectric/insulator 

was piloted and repeatedly verified on sets of test samples. 

The reproducibility and the expected change (increase) in 

surface electric strength after plasma exposure were 

demonstrated; the effects and quantitative change were 

graphically represented. The method showed that plasma 

treatment demonstrably and reproducibly increases the 

surface intensity parameters of the dielectric (and thus the 

resistance to overshoot) for both thermoset and thermoplastic 

dielectrics in the order of tens of percent. The contribution of 

the research lies in the systematic, technologically 

manageable exposure and evaluation of insulator surfaces, 

which is clearly industrially applicable. The next phases of 

the research will test the use of suitable precursors in plasma 

and evaluate their effect on key dielectric properties in order 

to refine the surface property parameters of insulators, 

complemented by measurable documentation of radio spectra 

as indicators of changes in the surface properties of insulators. 
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