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The paper presents emission spectra of an overstressed nanosecond discharge between zinc
electrodes in air and nitrogen at pressures of 13.3 kPa and 20 kPa, respectively. In the process
of microexplosions of inhomogeneities on the working surfaces of zinc electrodes in a strong electric
�eld, zinc vapor is introduced into the discharge gap during the formation of ectons. This creates
prerequisites for the formation of molecules and clusters of zinc, oxide and zinc nitride in plasma
and the synthesis of thin nanostructured �lms of zinc, oxide and zinc nitride, which can be deposited
on a glass or quartz substrate installed near the center of the discharge gap.
The spectral characteristics of the discharge were investigated from the central part of the di-

scharge gap 2 mm in size. The main excited components of the plasma of vapor�gas mixtures based
on zinc vapor and air and nitrogen have been identi�ed, which, when deposited outside the discharge
plasma, can lead to the formation of thin nanostructured �lms of zinc, nitride and zinc oxide.
Key words: overstressed nanosecond discharge, zinc, air, plasma.
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I. INTRODUCTION

A decrease in the distance to 0.5�2.0 mm between
metal electrodes in a discharge of nanosecond durati-
on leads to intensive sputtering of the electrode materi-
al and the appearance of spectral lines of atoms and
ions of copper, iron and zinc in the plasma radiation
spectra [1]. When operating in the mode of overvoltage of
the interelectrode gap, runaway electrons (electrons that
enter the mode of continuous acceleration at high electric
�eld strength) with energies of tens of kilovolts are
recorded in the plasma [2]. A spatially uniform discharge
is formed in discharge gaps with an inhomogeneous di-
stribution of the electric �eld strength under the action
of a beam of runaway electrons and the accompanying X-
ray radiation, which play the role of overionization, which
can be used to develop UV lamps with a small volume
of the plasma medium (V < 10 mm3) [3]. The plasma
of such a discharge between copper or zinc electrodes is
not only a source of bactericidal UV radiation, but also
a �ow of copper or zinc oxide nanoparticles [4], which
have strong antibacterial properties [5].
The introduction of vapors of the electrode materi-

al into the discharge occurs during the formation of
ectons (electron avalanche) as a result of microexplosi-
ons of inhomogeneities on the surface of metal electrodes,
which leads to the appearance of vapors of the electrode
material of the surface of the electrodes [6]. A beam
of runaway electrons and the accompanying X-ray radi-
ation under these conditions overionize of the dis-
charge gap; therefore, in such discharge systems with
an inhomogeneous distribution of the electric �eld, a
homogeneous discharge of a small volume is formed
[7]. In particular, in [7], the results of an experimental
study of a di�use nanosecond discharge in nitrogen (p =
12− 400 kPa) in the �cone�plane� gap are presented. At
a nitrogen pressure of up to 200 kPa, a large-diameter

streamer was formed in the discharge gap.
Such discharges are promising for applications in

spectroscopy, medicine, and photobiology. As automatic
UV illumination, such sources are promising for use
in nanotechnology (in particular, the synthesis of �lm
nanostructures of transition metal oxides in the �eld of
intense UV radiation [8]).
An overvoltage nanosecond discharge in nitrogen and

air also occurs in the metal vapors of the electrodes;
therefore, �lm nanostructures based on transition metals
and their nitrides and oxides can be synthesized
here, which can be deposited on a dielectric substrate
located near the electrode system [9]. To optimize the
synthesis of �lm nanostructures based on zinc, zinc oxi-
de and zinc nitride, we study the emission properties
of an overvoltage nanosecond discharge between zinc
electrodes in nitrogen and air. Such information wi-
ll make it possible to determine the time-averaged
temperature of electrons and their density in the plasma,
which was formed in the middle of the discharge gap.
The article presents the results of a spectroscopic

study of plasma radiation of an overvoltage nanosecond
discharge between zinc electrodes in nitrogen and air,
which can be used both as UV bactericidal radiation
and for the synthesis of �lm nanostructures of zinc, ni-
tride and zinc oxide upon automatic irradiation of the
substrate with bactericidal UV plasma radiation.

II. EXPERIMENTAL METHODS AND
TECHNIQUE

The study of the characteristics of an overvoltage
nanosecond discharge in air and nitrogen was carried out
using a dielectric chamber shown in Fig. 1. The discharge
between the zinc electrodes was ignited in a sealed Plexi-
glas chamber. The distance between the electrodes was
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d = 2 mm. A more detailed diagram of the discharge
device and the experimental technique are given in more
detail in the works [1,9].
To ignite the discharge, bipolar high-voltage pulses

with a duration of 50�150 ns and an amplitude of
±(20− 40) kV were applied to the electrodes of the dis-
charge chamber. The voltage pulse repetition rate was
selected in the range of 80�150 Hz.
The discharge gap was overstressed, which created

favorable conditions for the formation of a high-energy
�runaway� electron beam and accompanying X-ray radi-
ation [2].
Plasma radiation, recorded in the spectral range λ =

196−663 nm, entered the entrance slit of a spectrometer
with a di�raction grating of 1200 lines/mm. An FEP-
106 photomultiplier tube connected to a dc ampli�er was
used at the output of the spectrometer to detect radiati-
on. The signal from the ampli�er was fed to an analog-
to-digital converter and then fed to a personal computer
for processing.
The discharge chamber was evacuated with a foreline

pump to a residual pressure of 10 Pa, and then air or
nitrogen was fed into the chamber to a pressure of 10�
20 kPa. The diameter of the zinc cylindrical electrodes
was 5 mm, and the radius of curvature of their work-
ing end surface was the same and equal to 3 mm.
The discharge volume depended on the voltage pulse
repetition rate. The �point discharge� mode was achi-
eved only at voltage pulse repetition rates in the range
f = 40− 150 Hz.
Oscillograms of voltage pulses across the discharge gap

and oscillograms of current pulses were recorded using a
broadband low-inductance capacitive voltage divider, a
Rogowski coil, and a 6LOR-04 broadband oscilloscope.
The time resolution of this system for measuring the
characteristics of electrical impulses was 2�3 ns. The
pulsed electrical power of the overvoltage nanosecond
discharge was determined by graphical multiplication of
the oscillograms of the voltage and current pulses. Ti-
me integration of the pulsed power made it possible to
obtain energy in a single electrical pulse introduced into
the plasma.

III. RESULTS AND DISCUSSION

Electrical properties. At an air or nitrogen pressure of
10�20 kPa and d = 2 mm, the overstressed nanosecond
discharge had the form of a bright central part with
a diameter of about 2 − 3 mm and a series of weaker
plasma jets escaping from its central part. The main
reasons for the appearance of the di�use glow of the dis-
charge between the electrodes can be beams of �runaway
electrons� and the accompanying X-ray radiation [2].
Oscillograms of voltage, current and pulsed power

for an overvoltage nanosecond discharge between zinc
electrodes at an air pressure of 20 kPa and nitrogen of
−13.3 kPa looked the same as in a similar discharge in
air between zinc or copper electrodes [1, 9].
Oscillograms of voltage and current were in the form of

oscillations decaying in time with a duration of about 7�
10 ns, which is due to the mismatch between the output
resistance of the high-voltage modulator and the load
resistance. The total duration of the voltage oscillations
across the gap and the discharge current reached 400�
450 ns with the duration of individual voltage oscillations
7�10 ns, and the current oscillations had a duration of
≈ 70 ns. For the investigated discharge, the amplitude of
the largest voltage drop at the electrodes was achieved at
the initial stage of the discharge and was ≈ 7−8 kV, and
the current was 140�160 A. The magnitude of the pulse
discharge power reached (0.5�0.7) MW, which ensured
the energy contribution to the plasma in one discharge
pulse at a level of 30�40 mJ.

Fig. 1. The emission spectrum of the overvoltage nanosecond
discharge in the gas�vapor mixture �air�zinc� at air pressure

13.3 kPa.

Fig. 2. The spectrum of radiation of the overvoltage
nanosecond discharge in the gas�vapor mixture �nitrogen�

zinc� at p(N2) = 20 kPa.

The emission spectra of an overvoltage nanosecond dis-
charge in gas�vapor mixtures based on air and nitrogen
with zinc are shown in Figs. 1 and 2, and the results
of the interpretation of the spectral lines and bands are
summarized in Table 1. When decoding the plasma emi-
ssion spectra, reference books [10, 11] were used.
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No. λtable, nm I, r. u. Object Elow., eV Eup., eV Lower term Upper term

1 206.20 12.76 Zn II 0 6.01
3d104s
2S1/2

3d104p
2P 0

1/2

2 209.99 9.84 Zn II 6.11 12.02
3d104p
2P 0

3/2

3d104d
2D5/2

3 213.85 9.06 Zn I 0 5.79
3d104s2

1S0

3d104s4p
2P 0

1

4 250.19 4.72 Zn I 6.01 10.96
3d104p
2P 0

1/2

3d105s
2S1/2

5 255.79 8.49 Zn II 6.11 10.96
3d104p
2P 0

3/2

3d105s
2S1/2

6 258.24 1.32 Zn I 4.02 8.82
3d104s4p

3P 0
1

3d104s6d
3D2

7 267.05 0.32 Zn I 4.00 8.64
3d104s4p

3P 0
0

3d104s7s
3S1

8 279.92 1.74 N II 21.60 26.03 3p 1D 4d 1D0

9 295.32 1.96 N2 Second positive system C3Π+
u −B3Π+

g (4;2)

10 296.20 2.45 N2 Second positive system C3Π+
u −B3Π+

g (3;1)

11 297.68 2.21 N2 Second positive system C3Π+
u −B3Π+

g (2;0)

12 307.206 0.80 Zn I 4.07 8.11
3d104s4p

3P 0
2

3d104s6s
3S1

13 311.67 2 N2 Second positive system C3Π+
u −B3Π+

g (3;2)

14 313.60 4.37 N2 Second positive system C3Π+
u −B3Π+

g (2;1)

15 315.93 8.78 N2 Second positive system C3Π+
u −B3Π+

g (1;0)

16 328.23 2.70 Zn I 4.00 7.78
3d104s4p

3P 0
0

3d104s4d
3D1

17 330.25 6.82 Zn I 4.02 7.78
3d104s4p

3P 0
1

3d104s4d
3D2

18 334.50 10.68 Zn I 4.07 7.78
3d104s4p

3P 0
2

3d104s4d
3D3

19 337.13 14.10 N2 Second positive system C3Π+
u −B3Π+

g (0;0)

20 343.71 1.67 N II 18.50 22.10 3s 1P0 3p 1S

21 353.67 3.57 N2 Second positive system C3Π+
u −B3Π+

g (1;2)

22 357.69 8.53 N2 Second positive system C3Π+
u −B3Π+

g (0;1)

23 371.05 1.51 N2 Second positive system C3Π+
u −B3Π+

g (2;4)

24 375.54 3.32 N2 Second positive system C3Π+
u −B3Π+

g (1;3)

25 380.49 3.88 N2 Second positive system C3Π+
u −B3Π+

g (0;2)

26 394.30 2.42 N2 Second positive system C3Π+
u −B3Π+

g (2;5)

27 399.49 11.83 N II 18.50 21.60 3s 1P0 3p 1D

28 404.13 8.83 N II 23.14 26.21 3d 3F0 4f G(4 1/2)

29 407.58 6.39 O II 25.65 28.69 3p 4D0
5/2 3d 4F7/2

30 417.61 4.46 N II 23.19 26.16 3d 1D0 4f F(2 1/2)

31 424.17 7.36 N II
23.24

23.24

26.17

26.16

3d

3d

3D0

3D0

4f F(3 1/2)

4f F(2 1/2)

32 434.94 5.08 O II 23.00 25.85 3s 4P5/2 3p 4P 0
5/2

33 443.27 5.51 N II 23.41 26.21 3d 3P 0 4f D(2 1/2)

34 444.70 10.06 N II 20.41 23.19 3p 3D 3d 3D0
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� λtable, nm I, r. u. Object Elow., eV Eup., eV Lower term Upper term

35 460.71 6.88 N II 18.46 21.15 3s 3P 0 3p 3P

36 461.38 5 N II 18.46 21.15 3s 3P 0 3p 3P

37 462.13 14.53 N II 18.46 21.15 3s 3P 0 3p 3P

38 463.05 15.18 N II 18.47 21.15 3s 3P 0 3p 3P

39 464.30 10.17 N II 18.47 21.15 3s 3P 0 3p 3P

40 468.22 4.01 Ar II 18.49 21.13 3d 2F7/2 4p′ 2F 0
7/2

41 470.53 4.23 O II 26.25 28.88 3p 2D0
5/2 3d 2F7/2

42 472.21 6.43 Zn I 4.02 6.65
3d104s4p

3P 0
1

3d104s5s
3S1

43 472.21 6.43 Zn I 4.02 6.65
3d104s4p

3P 0
2

3d104s5s
3S1

44 492.40 4.87 Zn II 12.02 14.53
3d104d
2D5/2

3d104f
2F 0

7/2

45 500.52 25.40 N II
25.50

20.66

27.97

24.14

3s 5P

3p 3D

3p 5P 0

3d3F 0

46 518.62 4.36 N II 27.98 30.36 3p 5P 0 3d 5D

47 554.51 3.09 N I 11.76 14.00 3p 4D0 5d 4P

48 567.60 14.82 N II 18.46 20.64 3s 3P 0 3s 3D

49 595.42 6 N II 23.57 25.58 3d 1P 0 4p 1S

Table 1. Results of the identi�cation of the spectrum shown in Fig. 1

Plasma emission spectra based on air, nitrogen and
zinc vapor included the emission of atoms and singly
charged ions of zinc and nitrogen (Zn I, Zn II, N I
and N II), spectral bands of the second positive system
of the nitrogen molecule N2(C

3Π+
u − B3Π

+
g ) and conti-

nuous emission (continuum) in the spectral region 210�
640 nm. Spectral lines and bands were observed agai-
nst the background of continuous plasma radiation. The
most pronounced continuum in the discharge radiati-
on was observed in the spectral range 400�500 nm.
A similar continuum was observed in the radiation
of an overvoltage nanosecond discharge between zinc
electrodes in air at the atmospheric pressure and was
identi�ed with the radiation of zinc oxide nanoparti-
cles [9]. We used nitrogen of �technical� purity, in which
the main impurity was oxygen at the level of 0.5�1.0%;
therefore, the formation of zinc oxide nanoparticles was
possible in the nitrogen which was used in the experi-
ments.
The spectral lines of zinc atoms and ions were most

pronounced in the spectral ranges: (206�268), (307�335),
(472�493) nm. The radiation of nitrogen molecules was
concentrated in the spectral range (282�394) nm, and
the radiation of atomic singly charged nitrogen ions was
most manifested in the spectral ranges: (280�344), (400�
465) and (500�596) nm.
The distribution of the intensity of the spectral lines of

the zinc atom and ion from an overstressed nanosecond
discharge in gas�vapor mixtures �air (nitrogen)�zinc�
correlated with the distribution of the intensity of

spectral lines for a zinc vapor lamp [12].
The intensity of the resonance spectral lines of an

atom (λ = 213.85 nm) and a singly charged zinc ion
(λ = 206.20 nm) in an overstressed nanosecond discharge
on the gas�vapor mixture �air�zinc� increased upon going
to the mixture of �nitrogen�zinc� for other spectral lines
Zn I, Zn II from the spectral range ∆λ = (206−268) nm.
The intensity ratio of spectral lines Zn I (λ = 307.21;λ =
334.50 nm) in plasma on mixtures based on nitrogen and
air with zinc vapor was 2 , 9 and 1.7, respectively. The
intensity of the spectral lines with λ = 481.05 nm Zn I
and λ = 492.40 nm Zn II also increased about two times
when passing from a discharge in a mixture based on air
to a discharge in a mixture based on nitrogen. Zn I and
Zn II lines can be caused by the quenching of their upper
excited levels by oxygen molecules, which can lead to
the formation of zinc oxide molecules and clusters, whi-
ch are subsequently transformed into the corresponding
nanoparticles.
The intensity of the band with λ = 337.13 nm

N2(C
3Π+

u − B3Π
+
g ) (0; 0) decreased about 1.5 ti-

mes. This is due to a decrease in the temperature of
electrons in a plasma with a higher concentration of
nitrogen molecules, since when nitrogen is excited in
nanosecond discharges, the main mechanism is direct
electron impact.
The intensity of the spectral line with λ = 500.52 nm

of N II was higher in a discharge in a gas�vapor mixture
�nitrogen�zinc� by about 1.2 times in comparison with a
plasma based on a mixture �air�zinc�.
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No. λtable, nm I, r. u. Object Elow., eV Eup., eV Lower term Upper term

1 206.20 26.23 Zn II 0 6.01
3d104s
2S1/2

3d104p
2P 0

1/2

2 209.99 31.35 Zn II 6.11 12.02
3d104p
2P 0

3/2

3d104d
2D5/2

3 213.85 19.28 Zn I 0 5.79
3d104s2

1S0

3d104s4p
2P 0

1

4 250.19 10.08 Zn I 6.01 10.96
3d104p
2P 0

1/2

3d105s
2S1/2

5 255.79 19.80 Zn II 6.11 10.96
3d104p
2P 0

3/2

3d105s
2S1/2

6 258.24 1.88 Zn I 4.02 8.82
3d104s4p

3P 0
1

3d104s6d
3D2

7 267.05 1.2 Zn I 4.00 8.64
3d104s4p

3P 0
0

3d104s7s
3S1

8 279.92 4.06 N II 21.60 26.03 3p 1D 4d 1D0

9 281.98 2.06 N2 Second positive system C3Π+
u −B3Π+

g (3;0)

10 295.32 2.78 N2 Second positive system C3Π+
u −B3Π+

g (4;2)

11 296.20 3.11 N2 Second positive system C3Π+
u −B3Π+

g (3;1)

12 297.68 3 N2 Second positive system C3Π+
u −B3Π+

g (2;0)

13 307.21 2.31 Zn I 4.07 8.11
3d104s4p

3P 0
2

3d104s6s
3S1

14 311.67 2.29 N2 Second positive system C3Π+
u −B3Π+

g (3;2)

15 313.60 3.71 N2 Second positive system C3Π+
u −B3Π+

g (2;1)

16 315.93 5.26 N2 Second positive system C3Π+
u −B3Π+

g (1;0)

17 328.23 6.5 Zn I 4.00 7.78
3d104s4p

3P 0
0

3d104s4d
3D1

18 330.25 13.29 Zn I 4.02 7.78
3d104s4p

3P 0
1

3d104s4d
3D2

19 334.50 18.04 Zn I 4.07 7.78
3d104s4p

3P 0
2

3d104s4d
3D3

20 337.13 9.12 N2 Second positive system C3Π+
u −B3Π+

g (0;0)

21 343.71 5.93 N II 18.50 22.10 3s 1P0 3p 1S

22 357.69 6.34 N2 Second positive system C3Π+
u −B3Π+

g (0;1)

23 371.05 2.00 N2 Second positive system C3Π+
u −B3Π+

g (2;4)

24 375.54 3.48 N2 Second positive system C3Π+
u −B3Π+

g (1;3)

25 380.49 3.48 N2 Second positive system C3Π+
u −B3Π+

g (0;2)

26 394.30 4.61 N2 Second positive system C3Π+
u −B3Π+

g (2;5)

27 399.49 16.41 N II 18.50 21.60 3s 1P0 3p 1D

28 404.13 16.33 N II 23.14 26.21 3d 3F0 4f D(4 1/2)

29 417.61 8.74 N II 23.19 26.16 3d 1D0 4f F (2 1/2)

30 424.17 13.80 N II
23.24

23.24

26.17

26.16

3d 3D0

3d 3D0

4f F (3 1/2)

4f F (2 1/2)

31 435.50 7.5 N2 Second positive system C3Π+
u −B3Π+

g (4;9)

32 443.27 10 N II 23.41 26.21 3d 3P 0 4f D(2 1/2)

33 444.70 17.95 N II 20.41 23.19 3p 3D 3d 3D0

34 460.71 10.45 N II 18.46 21.15 3s 3P 0 3p 3P

35 461.38 10.39 N II 18.46 21.15 3s 3P 0 3p 3P
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� λtable, nm I, r. u. Object Elow., eV Eup., eV Lower term Upper term

36 462.13 9.85 N II 18.46 21.15 3s 3P 0 3p 3P

37 463.05 23.55 N II 18.47 21.15 3s 3P 0 3p 3P

38 464.30 23.47 N II 18.47 21.15 3s 3P 0 3p 3P

39 472.21 12.71 Zn I 4.02 6.65
3d104s4p

3P 0
1

3d104s5s
3S1

40 481.05 19.85 Zn I 4.07 6.65
3d104s4p

3P 0
2

3d104s5s
3S1

41 492.40 10.98 Zn II 12.02 14.53
3d104d
2D5/2

3d104f
2F 0

7/2

42 500.52 31.06 N II
25.50

20.66

27.97

24.14

3s 5P

3p 3D

3p 5P 0

3d 3F 0

43 518.62 8.36 N II 27.98 30.36 3p 5P 0 3d 5D

44 554.51 6.56 N I 11.76 14.00 3p 4D0 5d 4P

45 567.60 28.17 N II 18.46 20.64 3s 3P 0 3p 3D

46 595.42 11.71 N II 23.57 25.58 3d 1P 0 4p 1S

Table 2. Results of the identi�cation of the spectrum shown in Fig. 2

The predominance of radiation at transitions of ion
spectral lines of nitrogen over the radiation of nitrogen
atoms may be due to the recombination mechanism of
population of the upper energy levels of atomic nitrogen
ions in an overvoltage nanosecond discharge [13]. The
energies of the upper energy levels for the spectral lines
of N II are in the range of 21�26 eV, which indicates a
high temperature of electrons in the studied plasma, si-
nce for the passage of recombination of ions with plasma
electrons, it is necessary to have doubly charged atomic
nitrogen ions.
The recombination mechanism of the formation of

excited atoms and ions of the material of electrodes
of a microsecond spark discharge in air at atmospheric
pressure, using the example of using electrodes made of
stainless steel and aluminum, was established in [14].
This conclusion was con�rmed in numerous publications
on the results of a study of an overvoltage nanosecond
discharge between metal electrodes in air and nitrogen
(p = 101 kPa), summarized in the review [15]. However,
photographic recording of plasma emission spectra was
used here, and in most cases data on the relative intensi-
ties of spectral lines of the electrode material and lines
and bands of bu�er gases were absent. Such discharges
between zinc electrodes at air or nitrogen pressures p =
1 − 20 kPa have been poorly studied. The results of
studying the spectral characteristics of an overvoltage
nanosecond discharge in air (p = 101 kPa) between
copper electrodes obtained using modern photoelectric
recording of spectral characteristics of plasma radiation
are given in [16].
The optical and gas-dynamic properties of the cathode

spot for a nanosecond discharge in argon are given in
[17]. In these studies, radiation was observed from the
plasma of the cathode spot with a diameter of ≈ 0.2 −
0.3mm and from the plasma of a di�use discharge, which
occupied most of the discharge gap. The main part of

the energy of a nanosecond discharge is �rst introduced
into the cathode spot (in the plasma phase); therefore,
in the plasma bunch, energy at the initial stage is spent
on plasma electrons, and then is transferred to ions. On
this basis, the mechanism of formation of excited zinc
ions in our experiments is most likely determined by the
processes of electron excitation of zinc ions in the main
energy �eld. The e�ective cross sections for the excitation
of zinc ions from the ground energy level are large and
reach 10−16 cm2 [18]. A prerequisite for the occurrence of
such processes is a high concentration of electrons in the
plasma of overvoltage discharges of nanosecond duration,
reaching 1017 cm−3 [19].

IV. CONCLUSIONS

Thus, it was found that at nitrogen and air pressures
in the range of 13�20 kPa between zinc electrodes, at
an interelectrode distance of 2 mm, a spatially uniform
overvoltage nanosecond discharge with a pulsed electric
power of up to 0.7 MW and an energy contribution to
the plasma in one pulse was equal to 40 mJ.
The study of the spectral characteristics of plasma

based on gas�vapor mixtures �nitrogen�zinc�, �air�zinc�
showed that in the bactericidal part of the spectrum
the most intense were the spectral lines of atoms and
singly charged zinc ions, and in the wavelength range
280�400 nm � nitrogen ions and molecules.
The intensity of the spectral lines of Zn I and Zn

II increased about two times in the transition from a
discharge in a mixture based on air to a discharge in
a mixture based on nitrogen, which may be due to
the quenching of their upper excited levels by oxygen
molecules, which led, presumably, to the formation of
molecules, clusters and zinc oxide nanoparticles. The
character of the change in the intensity of the spectral
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bands of the nitrogen molecule upon going from a
nitrogen-based mixture to an air-based mixture indicates
that the C3Π+

u level of the N2 molecule is populated by
direct electron impact.
The most probable processes for the formation of exci-

ted zinc atoms and ions, as well as nitrogen ions and
molecules, can be electron excitation reactions and di-

electronic recombination processes. Automatic irradiati-
on of the substrate and �lm nuclei on the substrate
with intense UV radiation of zinc atoms and ions from a
nanosecond discharge plasma is promising for in�uencing
the electrical characteristics of synthesized �lms based on
zinc, as well as zinc oxide and nitride.
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ÑÏÅÊÒÐÎÑÊÎÏI×ÍÀ ÄIÀÃÍÎÑÒÈÊÀ ÏËÀÇÌÈ ÏÅÐÅÍÀÏÐÓÆÅÍÎÃÎ
ÍÀÍÎÑÅÊÓÍÄÍÎÃÎ ÐÎÇÐßÄÓ ÌIÆ ÅËÅÊÒÐÎÄÀÌÈ Ç ÖÈÍÊÓ Â ÏÎÂIÒÐI É ÀÇÎÒI

Î. Ê. Øóàiáîâ, Ð. Â. Ãðèöàê, Î. É. Ìèíÿ, À. Î. Ìàëiíiíà, Þ. Þ. Áiëàê, Ç. Ò. Ãîìîêi
ÄÂÍÇ �Óæãîðîäñüêèé íàöiîíàëüíèé óíiâåðñèòåò�, ïë. Íàðîäíà 3, Óæãîðîä, Óêðà¨íà

Íàâåäåíî ñïåêòðè âèïðîìiíþâàííÿ ïåðåíàïðóæåíîãî íàíîñåêóíäíîãî ðîçðÿäó ìiæ åëåêòðîäàìè
ç öèíêó â ïîâiòði é àçîòi çà òèñêiâ 13,3 êÏà i 20 êÏà âiäïîâiäíî. Ó ïðîöåñi ìiêðîâèáóõiâ íåîäíî-
ðiäíîñòåé íà ðîáî÷èõ ïîâåðõíÿõ öèíêîâèõ åëåêòðîäiâ ó ñèëüíîìó åëåêòðè÷íîìó ïîëi â ðîçðÿäíèé
ïðîìiæîê ïiä ÷àñ ôîðìóâàííÿ åêòîíiâ âíîñÿòüñÿ ïàðè öèíêó. Öå ñòâîðþ¹ ïåðåäóìîâè äëÿ óòâîðåííÿ
ìîëåêóë i êëàñòåðiâ öèíêó, îêñèäó òà íiòðèäó öèíêó â ïëàçìi é ñèíòåçó òîíêèõ íàíîñòðóêòóðîâàíèõ
ïëiâîê öèíêó, îêñèäó é íiòðèäó öèíêó, ÿêi ìîæóòü îñàäæóâàòèñü íà ñêëÿíié ÷è êâàðöîâié ïiäêëàäöi,
óñòàíîâëåíié ïîáëèçó âiä öåíòðó ðîçðÿäíîãî ïðîìiæêó.

Äîñëiäæåíî îñöèëîãðàìè íàïðóãè i ñòðóìó, ÿêi ìàëè ôîðìó çàòóõàþ÷èõ ó ÷àñi îñöèëÿöié òðèâà-
ëiñòþ áëèçüêî 7�10 íñ, ùî çóìîâëåíî íåóçãîäæåíiñòþ âèõiäíîãî îïîðó âèñîêîâîëüòíîãî ìîäóëÿòîðà
ç îïîðîì íàâàíòàæåííÿ. Óñòàíîâëåíî, ùî ïîâíà òðèâàëiñòü îñöèëÿöié íàïðóãè íà ïðîìiæêó òà ðîç-
ðÿäíîãî ñòðóìó äîñÿãàëà 400-450 íñ çà òðèâàëîñòi îêðåìèõ îñöèëÿöié íàïðóãè 7�10 íñ, à îñöèëÿöi¨
ñòðóìó ìàëè òðèâàëiñòü ≈ 70 íñ. Âåëè÷èíà iìïóëüñíî¨ ïîòóæíîñòi ðîçðÿäó äîñÿãàëà (0.5�0.7) ÌÂò.
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Ñïåêòðàëüíi õàðàêòåðèñòèêè ðîçðÿäó äîñëiäæóâàëè ç öåíòðàëüíî¨ ÷àñòèíè ðîçðÿäíîãî ïðîìiæêó
âåëè÷èíîþ 2 ìì. Âèïðîìiíþâàííÿ ïëàçìè ðå¹ñòðóâàëè â ñïåêòðàëüíîìó äiàïàçîíi λ = 196−663 íì.
Óñòàíîâëåíî îñíîâíi çáóäæåíi ñêëàäíèêè ïëàçìè ïàðî-ãàçîâèõ ñóìiøåé íà îñíîâi ïàðè öèíêó é ïî-
âiòðÿ òà àçîòó, ÿêi ïiä ÷àñ îñàäæåííÿ çà ìåæàìè ðîçðÿäíî¨ ïëàçìè ìîæóòü ñïðè÷èíÿòè óòâîðåííÿ
òîíêèõ íàíîñòðóêòóðîâàíèõ ïëiâîê öèíêó, íiòðèäó é îêñèäó öèíêó. Ñïåêòðè âèïðîìiíþâàííÿ ïëà-
çìè íà îñíîâi ïîâiòðÿ, àçîòó é ïàðè öèíêó âêëþ÷àëè âèïðîìiíþâàííÿ àòîìiâ é îäíîçàðÿäíèõ éîíiâ
öèíêó òà àçîòó, ñïåêòðàëüíèõ ñìóã äðóãî¨ äîäàòíî¨ ñèñòåìè ìîëåêóëè àçîòó òà íåïåðåðâíîãî âèïðî-
ìiíþâàííÿ â ñïåêòðàëüíié äiëÿíöi 210�640 íì.

Êëþ÷îâi ñëîâà: ïåðåíàïðóæåíèé íàíîñåêóíäíèé ðîçðÿä, öèíê, ïîâiòðÿ, ïëàçìà.
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