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The characteristics of a high-voltage nanosecond discharge between copper electrodes in argon at pres-

sures of 100-150 kPa are given. In the process of microexplosions of inhomogeneities on the working sur-

faces of electrodes in a strong electric field, copper vapors were introduced into the discharge gap due to 

the formation of ectons. This created the preconditions for the synthesis of thin nanostructured copper 

films of ultrafine copper powder. Copper films were deposited on a dielectric substrate installed near the 

electrode system. The spatial and electrical characteristics of high-voltage nanosecond discharge at a dis-

tance between the electrodes d = 2 mm were studied. The study of radiation spectra of discharge and oscil-

lograms of radiation of the most intense spectral lines and bands was carried out, which allowed to estab-

lish the main excited products formed in plasma. The results of optimization of the intensity of UV radia-

tion of discharge depending on the frequency, magnitude of the charging voltage and interelectrode dis-

tance are presented. The time-averaged UV radiation of the point emitter was optimized depending on the 

supply voltage of the high-voltage modulator and the frequency of discharge pulses. The light transmission 

spectra of thin copper films synthesized in the experiment were studied. 
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1. INTRODUCTION 
 

In an overvoltage nanosecond discharge in atmos-

pheric pressure gases, the formation of ectons from the 

working surfaces of the electrodes is accompanied by 

the emission of steam from the electrode material into 

the interelectrode space [1]. When using electrodes 

made of transition metals, the synthesis of thin 

nanostructured films was performed [2-4] and ultrafine 

metal powders were obtained in sufficient quantities [5] 

for use in various nanotechnologies [6, 7]. 

The problem of accurate determination of the quali-

tative and quantitative composition of various samples 

by emission spectroscopy and synthesis of thin 

nanostructured high-purity metal films is closely relat-

ed to the problem of obtaining pure plasma in gas-

discharge sources with an open cycle. Thus, the authors 

[8] proposed the use of xenon instead of argon in the 

arc discharge. Since copper electrodes with water cool-

ing were used in the plasmatron, groups of spectral 

lines of copper atoms 510.5, 515.3 and 521.8 nm in the 

wavelength ranges 210-231 nm and 224.7-327.3 nm 

were registered in the plasma emission spectra. The 

concentration of copper vapor in the plasma based on 

xenon increased significantly compared with the use of 

argon as a buffer gas, which led to an increase in the 

radiation intensity of spectral lines of copper atoms. 

The results of modeling the parameters of the plas-

ma per nanosecond discharge in argon of atmospheric 

pressure are given in [9]. Calculations have shown that 

the formation of the discharge begins with cathode-

directed wave motion at a speed of ≈ 2.5107 cm/s, and 

the concentration of electrons in the plasma after 

reaching time t = 40 ns, except for the cathode layer, is 

in the range of 1013-1014 cm – 3 at an electric field 

strength of ≈ 105 V/cm. However, in this work, there is 

no information about the possibility of synthesizing 

nanoparticles from the electrode material, and the dis-

charge ignition mode was suboptimal for the efficient 

formation of ectons. 

Studies of the conditions for the synthesis of thin 

copper films from the destruction products of copper 

electrodes in a high-voltage nanosecond discharge were 

practically not performed. Therefore, it is important to 

establish the deposition conditions and characteristics 

of films based on transition metals (Cu, Zn, Cd, Fe) in 

inert gases, which is carried out without the use of ex-

pensive laser or high-vacuum equipment. 

The article presents the results of the study of spa-

tial, electrical and optical characteristics of a high-

voltage, overvoltage discharge of short duration in high 

pressure argon with small impurities of copper vapor 

introduced into the plasma due to the formation of ec-

tons on the working surfaces of copper electrodes and 

light transmission by synthesized copper films. 

 

2. TECHNIQUE AND CONDITIONS OF THE  

EXPERIMENT 
 

The study of the characteristics of an overvoltage 

nanosecond discharge was performed in the discharge 

module, the scheme of which is given in [2, 3]. The de-

tected nanosecond discharge between the copper elec-

trodes was ignited in a sealed plexiglass chamber. The 

distance between the copper electrodes was d = 2 or 

7 mm. 

The experimental setup contained a discharge mod-

ule powered by a pulsed-periodic high-voltage source, a 
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system for recording optical radiation based on a mono-

chromator MDR-2 and a system for recording pulsed 

electrical and optical characteristics (current, voltage 

and oscillograms of the most intense spectral lines and 

bands) in time based on a multi-channel broadband 

oscilloscope 6-ENT. 

To ignite the discharge, high-voltage bipolar pulses 

with a duration of 50-100 ns with an amplitude of 

± (20-40) kV were applied to the electrodes of the dis-

charge cell. The repetition frequency of voltage pulses 

was chosen in the range of 80-100 Hz, because at high-

er frequencies there was a significant heating of the 

discharge module. Oscillograms of voltage pulses on the 

bit gap and oscillograms of current pulses were record-

ed using a broadband capacitive voltage divider, Rogov-

sky belt and a broadband oscilloscope 6LOR-04. 

A uniform discharge of about 100-150 ns with a 

pulse amplitude of 50-200 A and a plasma volume of 

10-500 mm3 was ignited between the tips of the copper 

electrodes. The discharge interval was overvoltage, 

which created favorable conditions for the formation of 

a beam of divergent electrons of high energy and con-

comitant X-rays [10]. 

Plasma radiation, recorded in the spectral range 

 = 196-663 nm, was fed to the input slit of the spec-

trometer with a diffraction grating of 1200 bar/mm. At 

the output of the spectrometer, a photoelectronic mul-

tiplier FEP-106 connected to a DC amplifier was used 

to detect radiation. A signal from the sub-amplifier was 

fed to an analog-to-digital converter and then to a per-

sonal computer for processing. 

Measurement of the radiation power of the dis-

charge plasma was performed using an ultraviolet me-

ter of absolute radiation power "TKA-PKM", which al-

lowed measurements in the spectral range of 200-

400 nm. 

The study of light transmission (absorption) spectra 

by sprayed film structures was performed using an 

Ocean Optics USB2000 spectrometer and software was 

processed on a PC taking into account the absorption of 

radiation by a glass substrate. The surface image of 

thin nanostructured films was recorded using a Cross-

Beam Workstation Auriga scanning electron micro-

scope (Carl Zeis). 

The structure of the bit module is described in [2, 3]. 

The discharge chamber was evacuated with a pre-

vacuum pump to a residual pressure of 10 Pa, and then 

argon was injected into the chamber to a pressure of 

100 or 150 kPa. The diameter of cylindrical copper elec-

trodes was 5 mm, and the radius of curvature of their 

working end surface was the same and equal to 3 mm. 

The amount of discharge depended on the frequency 

of voltage pulses. The "point discharge" mode was 

achieved only at the repetition frequency of voltage 

pulses in the range f = 40-150 Hz. 

 

3. SPATIAL AND ELECTRICAL  

CHARACTERISTICS 
 

Fig. 1 shows time-averaged images of a high-voltage 

nanosecond discharge at pressures p(Ar) = 100 and 

150 kPa and the distance between the electrodes 

d = 2 mm, which were obtained with camera time expo-

sure of about 1 s. 

 
 

Fig. 1 – Photographs of a high-voltage nanosecond discharge 

between copper electrodes in argon at different pressures: 100 

(a) and 150 (b) kPa and for the distance between the elec-

trodes d = 2 mm 
 

At an argon pressure of 100 kPa, the high-wave-

length nanosecond discharge had the appearance of a 

bright central spot with a diameter of about 4-5 mm, 

which exceeded the interelectrode distance, from which 

green plasma jets flowed. As the argon pressure in-

creased to 150 kPa, the diameter of the bright central 

part and the halo around it increased slightly. 
 

 
 

 
Fig. 2 – Time dependences of the pulsed electric power of the 

discharge, the voltage between copper electrodes and the cur-

rent of the nanosecond discharge at the interelectrode distance 

d = 2 mm and p(Ar) = 100 (a) and 150 (b) kPa 
 

Fig. 2 shows oscillograms of voltage, current and 

pulse power for a high-voltage nanosecond discharge 
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between copper electrodes in high pressure argon at the 

distance between the electrodes d = 2 mm. 

Voltage and current oscillograms had the form of 

time-damped oscillations due to the mismatch of the 

output resistance of the high-voltage modulator with 

the load resistance. The total duration of the voltage 

oscillations on the gap and the discharge current 

reached 450 ns with the duration of individual voltage 

oscillations of 7-10 ns, and current oscillations had a 

duration of ≈ 70 ns (Fig. 2a). Short-term oscillations 

were best shown on voltage oscillograms. On current 

oscillograms, they were partially integrated over time 

due to the large time constant of Rogovsky belt used in 

these studies. 

For a discharge in argon of atmospheric pressure at 

d = 2 mm, the amplitude of the largest voltage drop on 

the electrodes was reached at the initial stage of the 

discharge and was ≈ ± 7-8 kV, current ± 100 A, and 

pulse power 1.2 MW, which provided the energy contri-

bution of one discharge pulse to the plasma of about 

167 mJ (Fig. 2a). 

When the argon pressure increased to 150 kPa 

(Fig. 2b), the voltage drop of different polarity in the 

initial phase of the discharge at τ = 10-30 ns reached 

40 kV, and the current was ± 80-100 A. The maximum 

value of the electric pulse power reached 3.8 MW at 

t = 70-80 ns. The main energy contribution to the plas-

ma was made during the first 100 ns from the moment 

of discharge ignition. The energy of one discharge pulse 

reached ≈ 470 mJ (Fig. 2b). 

 

4. OPTICAL CHARACTERISTICS 
 

Fig. 3 shows the emission spectra of a high-voltage 

nanosecond discharge between copper electrodes, which 

ignited at p(Ar) = 101 kPa and the distance between 

the electrodes of 2 mm, and the results of its interpre-

tation are summarized in Table 1. Reference books 

were used in the identification of spectral lines in the 

spectra [11, 12]. 

The peculiarity of these radiation spectra was the 

presence of a continuum, against the background of 

which all spectral lines and bands were observed. The 

nature of this continuum in the conditions of our exper-

iment is related to thermal and recombination plasma 

radiation. The shape of the continuum with a wide 

maximum at 400-450 nm correlates well with the re-

sults known from the literature. Thus, in [7, 8] for a 

spark discharge in argon at atmospheric pressure be-

tween aluminum electrodes at d = 10 mm, an intense 

continuum was recorded in the radiation spectrum in 

the wavelength range 350-460 nm with a maximum at 

 = 420 nm. 

The continuous spectrum of plasma radiation be-

gan to be recorded after a time interval ∆t = 40 ns from 

the beginning of the discharge, when the intensity of 

argon ion lines began to increase sharply. The maxi-

mum intensity of the spectral lines ArII of the contin-

uous spectrum was reached after a period of time 

∆t = 300-400 ns from the beginning of a sharp increase 

in the current [8]. 

At the stage of slow expansion of the spark channel, 

starting from the moment of time 500 ns, the intensity 

of the continuum decreased, as well as the intensity of 

ionic spectral lines of argon, and the intensity of atomic 

lines (394.9, 308.2 nm ArI) and electrode material lines 

(281.6, 289.1 nm AlII) increased [8]. 

In the radiation spectra of the discharge plasma 

(Fig. 3) in a mixture of argon and copper vapors in the 

UV wavelength range of 214-330 nm (lines 1-23, Ta-

ble 1), radiation was observed at the transitions of an 

atom and a single-charged copper ion. The most intense 

ionic spectral line was the line with  = 227.62 nm. 
 

 
 

 
 

 
 

Fig. 3 – Radiation spectra of a high-voltage nanosecond dis-

charge in argon between copper electrodes at d = 2 mm and  

p(Ar) = 150 kPa 
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Table 1 – The results of decoding the spectra of plasma radiation of a high-voltage nanosecond discharge between copper elec-

trodes at p(Ar) = 150 kPa and d = 2 mm 
 

№ , nm Іexp, a.u. Object Еlow, eV Еup, eV Lower term Upper term 

1 214.89 2.27 Cu II 1.39 7.18 4s2 2D 5f 2F 

2 216.50 2.50 Cu I 0.00 5.72 4s 2S 4p′ 2D 

3 217.49 3.59 Cu II 8.92 14.61 4p 1F 4d 1G 

4 220.05 3.92 Cu II 9.06 14.70 4p 3D 4d 3F 

5 221.45 5.03 Cu I 1.39 6.98 4s2 2D 4p′′ 2P 

6 223.84 3.32 Cu I 1.64 7.18 4s2 2D 5f 2F 

7 224.70 4.69 Cu II 2.72 8.23 4s 3D 4p 3P 

8 226.30 5.04 Cu I 1.64 7.12 4s2 2D 7p 2P 

9 227.62 5.05 Cu II 2.98 8.42 4s 3D 4p 3P 

10 229.43 2.88 Cu II 2.83 8.23 4s 3D 4p 3P 

11 230.31 3.65 Cu I 1.64 7.02 4s2 2D 4p′′ 2D 

12 236.98 3.58 Cu II 3.26 8.49 4s 1D 4p 3F 

13 239.26 2.57 Cu I 1.64 6.82 4s2 2D 6p 2P 

14 244.16 3.67 Cu I 0.00 5.08 4s 2S 4p′ 4P 

15 249.21 3.25 Cu I 0.00 4.97 4s 2S 4p′ 4P 

16 254.48 3.21 Cu II 8.52 13.39 4p 3F 5s 3D 

17 261.83 3.57 Cu I 1.39 6.12 4s2 2D 5p 2P 

18 279.17 4.4 Cu II 14.33 18.77 4d 3G 6f 3H 

19 282.43 4.3 Cu I 1.39 5.78 4s2 2D 4p′ 2D 

20 306.34 4.72 Cu I 1.64 5.68 4s2 2D 4p′ 2P 

21 324.75 14.89 Cu I 0 3.82 4s 2S 4p 2P 

22 327.39 12.08 Cu I 0 3.39 4s 2S 4p 2P 

23 350.05 6.76 N2 Second positive system C3Πu
+-B3Πg

+ (2;3) 

24 357.69 7.64 N2 Second positive system C3Πu
+-B3Πg

+ (0;1) 

25 420.06 4.11 Ar I 11.55 14.50 4s [ ½] 5p [2 ½] 

26 425.93 4.32 Ar I 11.83 14.74 4s′ [ ½] 5p' [½] 

27 430.01 3.89 Ar I 11.62 14.51 4s [1½] 5p [1 ½] 

28 433.35 3.36 Ar I 11.83 14.69 4s′ [ ½] 5p' [1 ½] 

29 440.09 5.03 Ar II 16.44 19.26 3d 4D 4p 4Po 

30 442.39 3.99 Ar I 11.72 14.52 4s′ [ ½] 5p' [1 ½] 

31 447.47 4.77 Ar II 18.66 21.43 3d 2D 4p′ 2Po 

32 451.07 3.55 Ar I 11.83 14.58 4s′ [ ½] 5p [ ½] 

33 459.60 3.08 Ar I 11.83 14.52 4s′ [ ½] 5p' [1 ½] 

34 462.84 3.42 Ar I 11.83 14.51 4s′ [ ½] 5p [2 ½] 

35 470.23 2.94 Ar I 11.83 14.46 4s′ [ ½] 5p' [1 ½] 

36 476.86 3.23 Ar I 12.91 15.51 4p [½] 6d′ [1 ½] 

37 483.66 3.28 Ar I 12.91 15.47 4p [½] 9s [1½] 

38 487.62 2.83 Ar I 12.91 15.45 4p [½] 7d [1½] 

39 492.10 3 Ar I 13.09 15.61 4p [2½] 10d [3½] 

40 511.82 2.37 Ar I 13.09 15.52 4p [2 ½] 6d′ [2 ½] 

41 516.22 2.89 Ar I 12.91 15.31 4p [½] 6d [½] 

42 518.77 2.91 Ar I 12.91 15.30 4p [½] 5d′ [1 ½] 

43 521.82 2.59 Cu I 3.82 6.19 4p 2Po 4d 2D 

44 525.27 3.07 Ar I 13.09 15.45 4p [2 ½] 7d [3½] 

45 570.02 2.08 Cu I 1.64 3.82 4s2 2D 4p 2Po 

46 601.36 1.98 Ar I 13.08 15.14 4p [2 ½] 5d [ ½] 

47 617.01 1.92 Ar I 13.17 15.18 4p [1½] 7s [1½] 

48 653.81 2.3 Ar I 13.08 14.95 4p [2 ½] 4d′ [ ½] 

49 659.61 2.14 Ar I 13.08 14.95 4p [2 ½] 4d′ [ ½] 
 

CuII, and the most intense atomic spectral line was the 

resonant spectral lines of the copper atom with 

 = 324.75 and 327.39 nm CuI, in which the lower en-

ergy level is basic one. The highest upper-level energy 

for CuII lines was Eup = 18.77 eV, and for atomic lines 

the maximum upper-level energy was Eup = 7.18 eV. 

Bands of the second positive system of the nitrogen 

molecule were also observed in the UV spectrum, be-

cause in these experiments the evacuation of the dis-

charge chamber took place only up to a residual air 

pressure of ≈ 10 Pa. In the wavelength range 360-

659 nm, radiation was observed mainly at the ArI and 

ArII transitions, as well as the intense spectral line of 

the hydrogen atom ( = 656.29 Hα), which is due to the 

residual air pressure in the chamber after its pumping 

by a vacuum pump. 
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At a distance between the electrodes of 2 mm and 

when using a bipolar generator of high-voltage nano-

second pulses (with a strong overvoltage of the dis-

charge gap), one or more cathode spots are formed, 

which move towards each other. 

For a high-voltage nanosecond discharge in argon at 

atmospheric pressure, some optical and gas-dynamic 

characteristics of the cathode spot plasma were given 

in [7]. However, in these experiments, carried out at a 

distance d = 10 mm between aluminum electrodes, the 

radiation of the plasma cathode spot with a diameter of 

≈ 0.2-0.3 mm and the bound plasma of the diffuse dis-

charge, which occupied most of the discharge gap, was 

clearly recorded. The main part of the discharge energy 

is introduced into the cathode spot in the plasma 

phase, so in a scattering plasma clot, energy is first 

introduced into the electronic component, followed by 

the transfer of this energy from electrons to ions. 

Therefore, the mechanism of formation of excited cop-

per ions in plasma can be determined by the processes 

of their excitation by electrons from the ground state of 

the corresponding ion. Effective cross sections of excita-

tion of transition metal ions by electron impact are 

large and, for example, for zinc ions reach 10 – 16 cm2 

[13]. Appropriate cross sections for copper ions are cur-

rently unknown. 

A prerequisite for such processes is a high concen-

tration of electrons in the plasma of overvoltage dis-

charges of nanosecond duration, which reaches 

1017 cm – 3 [14]. Fig. 4 shows oscillograms of radiation 

at transitions of the most intense spectral (resonant) 

lines of copper and argon atoms from the plasma of an 

overvoltage nanosecond discharge at an argon pressure 

of 100 kPa. 

Radiation at transitions of the copper atom was in 

the afterglow of the first maximum of the pulsed power, 

and weak second luminescence maxima were recorded 

only for the spectral lines with  = 306.34 and 

521.82 nm CuI at time t = 150 ns. It is probable that, at 

atmospheric argon pressure, the duration of the diffuse 

stage of a high-voltage nanosecond discharge does not 

exceed 100 ns, and the second luminescence maxima of 

the copper atom lines appear already at the contracted 

discharge stage. Such a picture of the development of 

such discharges was established in [15] during high-

speed photography of the discharge with nanosecond 

time separation. The absence of a repeated maximum 

on the oscillogram of the spectral line 249.1 nm CuI, 

the lower level of which is the basic energy level of the 

copper atom, may be due to the process of self-

absorption of radiation at the channel stage of dis-

charge, when the concentration of copper vapor in 

plasma increases. 

The maximum values of the average power of UV 

radiation in argon are obtained at an argon pressure of 

100 kPa and a distance between the electrodes of2 mm. 

Thus, for different ranges of UV radiation, they were as 

follows: UV-C (200-280 nm) – 67 mW/m2, UV-B (280-

315 nm) – 65 mW/m2 and UV-A (315-400 nm) – 

204 mW/m2 (at UZAR = 20 kV, f = 1 kHz). When the dis-

tance between the electrodes increased to 7 mm at an 

argon pressure of 100 kPa, the maximum value of the 

average power of UV radiation decreased (Fig. 6). 
 

 

 
 

Fig. 4 – Oscillograms of luminescence at transitions of copper 

and argon atoms: 1 – 249.1 nm CuI, 2 – 306.34 nm CuI, 3 –

470.23 nm ArI, 4 – 521.82 nm CuI in the discharge at an ar-

gon pressure of 100 kPa, 5 – pulse power in the discharge at 

an argon pressure of 100 kPa (d = 2 mm) 
 

Radiation at the transition of the argon atom with 

 = 470.23 nm ArI was also observed in the afterglow of 

the first maximum of the discharge pulse power, which 

can be determined by the recombination mechanism of 

population of its upper energy level. 

Fig. 5 and Fig. 6 show the results of optimization of 

the average power of UV radiation discharge depending 

on the frequency of pulses at an argon pressure of 

100 kPa and different distances between the electrodes: 

2 and 7 mm. 
 

 
Fig. 5 – Dependence of the UV intensity – UV-C, UV-B, UV-A 

radiation – of high-voltage nanosecond discharge ranges on the 

repetition frequency of voltage pulses at a charging voltage 

U = 13 kV (f = 80 Hz, p(Ar) = 100 kPa and d = 2 mm) 
 

With increasing pulse repetition frequency from 40 

to 1000 Hz in a discharge at p(Ar) = 100 kPa, the larg-

est was an increase in the intensity of discharge radia-

tion in the UV-A range, in particular, in the frequency 

range ∆f = 350-1000 Hz, it increased from 8 to 

95 mW/m2. In the UV-B and UV-C ranges, an increase 

in the radiation power density was smaller and was 

observed in the range of 3.0-25.0 mW/m2. 
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Fig. 6 – Dependence of the UV intensity – UV-C, UV-B, UV-A 

radiation – of high-voltage nanosecond discharge ranges on the 

repetition frequency of voltage pulses at a charging voltage 

U = 13 kV (f = 80 Hz, p(Ar) = 100 kPa and d = 7 mm) 
 

In a discharge at p(Ar) = 100 kPa, an increase in the 

intensity of UV radiation of plasma depending on the 

magnitude of the charging voltage on the operating 

capacitor of the high-voltage modulator at a fixed repe-

tition rate was less effective and was in the range 8.0-

24 mW/m2. The relative ratios between the radiation 

intensities in the ranges UV-C, UV-B, UV-A were the 

same as for the corresponding frequency dependences. 

Examination of photographs of the surface of films 

deposited from nanosecond overvoltage high-voltage 

discharge plasma between copper electrodes at argon 

pressures of 100 and 150 kPa showed that the film 

nanostructures with a diameter of 2-30 nm are deposit-

ed on the glass surface in the form of separate islands, 

similar to the nanostructures of copper oxides synthe-

sized in the same discharge in air at atmospheric pres-

sure [16]. To determine the size of nanostructures, a 

gel based on standard nanostructures of spherical gold 

with a diameter of 20 nm was applied to the film sur-

face. Comparative analysis of the sizes of spherical 

nanostructures of gold and deposited nanostructures of 

copper allowed to establish their diameter. 

The transmission spectrum of a thin copper film in 

the visible part of the wavelengths is shown in Fig. 7. 

The study of film transmission was performed in the 

middle of the substrate radius. It was established that 

the films are quite inhomogeneous in radius, which is 

mainly due to gas-dynamic phenomena within the dis-

charge gap and the use of a point source of steam of the 

electrode material. 

Narrow bands of illumination of the film in the blue 

part of the spectrum (at wavelengths of 420 and 450 nm) 

are most likely due to the action of UV radiation of the 

discharge plasma in the spectral range 200-230 nm on 

the film, which in the process of depositing the film 

leads to radiation defects copper-based films. 
 

 
 

Fig. 7 – The transmission spectrum of a thin film of copper 

during the localization of the spectrometer in the middle of the 

radius of the substrate 

 

5. CONCLUSIONS 
 

Thus, it was found that at argon pressures of 100 

and 150 kPa between copper electrodes at an interelec-

trode distance of 2 mm, a fairly homogeneous in space 

overvoltage nanosecond discharge with a pulsed elec-

tric power up to 3.8 MW was ignited, and the energy 

contribution to the plasma per pulse reached 470 mJ. 

The study of the spectral characteristics of plasma 

based on copper-argon vapor-gas mixtures showed that 

the most intense were the spectral resonance lines of 

the copper atom ( = 324.75 and 327.39 nm CuI); of the 

single-charged copper ion lines in the range of 200-

330 nm, the line  = 227.62 nm CuII was the most in-

tense. From ionic spectral lines in the visible part of 

the spectrum, a line with  = 618.86 nm CuII was iso-

lated. Automatic irradiation of the substrate and film 

nuclei on the substrate with hard UV radiation of cop-

per atoms and ions from the discharge plasma is prom-

ising for the impact on the electrical [17] and optical 

characteristics (formation of enlightenment bands) of 

the synthesized copper films. 

The maximum value of the average power of UV ra-

diation was obtained at p(Ar) = 100 kPa and the dis-

tance between the electrodes of 2 mm for the UV-A 

range, and the absolute radiation densities in different 

UV ranges reached: UV-C – 67 mW/m2, UV-B – 

65 mW/m2 and UV-A – 204 mW/m2 (at UZAR = 20 kV, 

f = 1 kHz), for the discharge at p(Ar) = 6.7 kPa the ra-

diation power decreased more than an order of magni-

tude. The most effective was to increase the pulse repe-

tition frequency to 1000 Hz, rather than increase the 

charging voltage on the operating capacitor of the high-

voltage modulator. 
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Дослідження умов осадження тонких плівок міді з продуктів деструкції електродів 

перенапруженого високовольтного розряду в аргоні високого тиску 
 

О.К. Шуаібов1, О.Й. Миня1, В.І. Чигінь2, Р.В. Грицак1, А.О. Малініна1, М.І. Ватрала1, З.Т. Гомокі1 
 

1 ДВНЗ «Ужгородський національний університет», Народна площа, 3, 88000 Ужгород, Україна 
2 Національний університет «Львівська політехніка», вул. С. Бандери, 12, 79013 Львів, Україна 

 
Приведено характеристики високовольтного наносекундного розряду між мідними електродами в 

аргоні при тисках 100-150 кПа. В процесі мікровибухів неоднорідностей на робочих поверхнях 

електродів в сильному електричному полі у розрядний проміжок вносились пари міді за рахунок 

утворення ектонів. Це створювало передумови для синтезу тонких наноструктурованих плівок міді 

ультрадисперсного порошку міді. Плівки міді осаджувались на діелектричній підкладці, що була 

встановлена поблизу системи електродів. Досліджено просторові і електричні характеристики 

високовольтного наносекундного розряду при віддалі між електродами d = 2 мм. Проведено вивчення 

спектрів випромінювання розряду і осцилограм випромінювання найбільш інтенсивних спектральних 

ліній та смуг, що дозволило встановити основні збуджені продукти, які утворювались в плазмі. 

Наведено результати оптимізації інтенсивності УФ-випромінювання розряду в залежності від 

частоти, величини зарядної напруги і міжелектродної віддалі. Проведена оптимізація усередненого 

за часом УФ-випромінювання точкового випромінювача в залежності від напруги живлення 

високовольтного модулятора і частоти слідування розрядних імпульсів. Досліджено спектри 

пропускання світла синтезованими в експерименті тонкими плівками міді. 
 

Ключові слова: Високовольтний наносекундний розряд, Мідь, Плазма, УФ-випромінювання. 
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