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Abstract: The emission of CuInSe2-based spark discharge plasma at atmospheric pressure in air has been investigated by optical 
emission spectroscopy method. The plasma was formed by action of the high voltage pulse generator (with nanosecond pulse) on the 
corresponding electrodes (CuInSe2 compound). The emission characteristics have been obtained for the spark discharge plasma at 3 mm 
interelectrode distance. It was established that the spark discharge plasma radiation was determined by decay products of the 
compound from which electrodes were made. The most suitable spectral lines for plasma diagnostics is atomic copper lines in the 
visible spectrum and atomic indium lines in UV (ultraviolet) and visible spectrum. 
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1. Introduction 

The CuInSe2 compound is one of the most promising 

materials for solar energy utilization with high efficiency 

[1-7]. Obtaining thin films based on this compound 

requires careful selection of the external conditions 

destruction. Ablation and spraying compounds by 

nanosecond spark discharge makes it possible to 

control the process of electrode erosion by regulating 

duration of the voltage and current pulse [8], and to 

determine the optimal conditions for thin films or 

optimization of nanoparticles synthesis conditions [9].  

Currently known scientific research about the 

radiation characteristics of microsecond spark 

discharge plasma at atmospheric pressure studied in 

Ref. [10]. In this work, the spark discharge was 

ignited between copper electrodes at 1 mm spark gap. 

The amplitude of current pulse amounted ~ 80 А and 

its duration was 100 μs. The emission spectrum of 

these spark discharge plasma contained excited states 
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of copper atoms in ultraviolet and visible spectrum. 

The plasma spark discharge radiation between 

metal electrodes at 0.5 mm spark gap investigated in 

Ref. [11]. The amplitude of the incident voltage pulses 

was ~ 10 kV, full pulse width at half maximum ~ 1 ns. 

The ionic lines of electrode material in ultraviolet 

spectrum observed in the spectra of such discharge. 

The basic parameters that influence the size of 

nanoparticles and velocity spraying of electrode 

material is the electron temperature and electron 

density. Thus, to establish the conditions necessary to 

control the synthesis of nanoparticles above 

mentioned parameters. 

The main purpose of this work was determination 

the composition of the spark discharge plasma by 

using emission spectroscopy method. Our second 

important aim was to select the suitable spectral lines 

for determination of the electron temperature in the 

plasma. 

2. Experiments 

The scheme of experimental set-up is represented 
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on the Fig. 1. The experiments were carried out using 

a high voltage pulse generator. Formation of 

high-voltage pulses is as follows. A 6.6 nF 

capacitance is charged to a voltage of 10 kV, then 

there is its discharge through a pulse thyratron and the 

primary winding of the step-up pulse transformer. 

Electrodes were connected to the secondary winding 

of the transformer through high voltage cable. The 

electrodes represented a CuInSe2 compound. The 

step-up pulse transformer allows to obtain a voltage 

with 30-35 kV amplitude on the electrodes. Voltage 

and current pulse duration was 10 ns, pulse repetition 

frequency varied within 10-100 Hz. The next 

important element of experimental set-up is discharge 

chamber (stainless steel) with two quartz window. The 

system of electrodes was placed on a dielectric (vinyl 

plastic) flange. The residual air pressure in the 

discharge chamber was 1 atm. The radiation was 

analyzed with the help of an MDR-2 monochromator 

with a grating of 1200 L/mm in the spectral region 

250-600 nm. 

Time-averaged emission spectra of radiation was 

registered with the help of an photomultiplier tube 

FEU-106, direct current amplifer and recorder KSP-4. 

The registration system FEU-106 and MDR-2 were 

calibrated with respect to the radiation of hydrogen 

and tungsten lamps. This allowed us to measure the 

relative intensities of the radiation lines (I/kλ, where kλ 

is the relative spectral sensitivity of the registration 
 

 
Fig. 1  The scheme of experimental set-up.  

system. The identification of spectral lines was 

performed using handbooks [12-14]. 

3. Results and Discussion 

Time-averaged emission spectra of spark discharge 

plasma with electrodes based on copper indium 

diselenide compound is represented on the Fig. 2.  

The spectrum included the folowing spectral lines 

of excited copper and indium atoms: 324.7; 327.4; 

400.3; 407.3; 464.3; 510.6; 521.8; 570.0; 573.2 nm Сu 

I і 283.7; 293.3; 303.9; 325.6; 410.2; 451.1 nm In І.  

The spectral lines of excited states copper and 

indium shown in the Tables 1 and 2, respctively. It 

includes radiation wavelengths (λ), intensities (I), 

transition probabilities (A), energies of upper l  

evels (Eup) and electron configurations of upper 

level.  

The spectral lines of selenium excited atoms were 

not observed. In addition to the spectral lines of the 

electrode material recorded intense ionic line of 

nitrogen 500.5 nm N II. This line was observed in 

nanosecond discharges in air at atmospheric pressure 

during the first 50-150 ns, and then disappears as a 

result of the passage of effective recombination 

processes between ions and electrons of nanosecond 

discharge. As a result of these processes in the 

emission spectrum of the plasma in the later stages of 

the discharge appear some intense spectral lines of 

atomic nitrogen in the visible spectrum. 
 

300 400 500 600

N
 I

I 
50

0.
5

C
u 

I 
42

7.
5C

u 
I 

40
7.

3
C

u 
I 

40
0.

3

C
u 

I 
57

0.
0

C
u 

I 
57

3.
2

C
u 

I 
52

1.
8

C
u 

I 
51

0.
6

C
u 

I 
46

4.
3

In
 I

 2
83

.7

In
 I

 3
25

.6

In
 I

 2
93

.3
In

 I
 3

03
.9

In
 I

 4
10

.2

In
 I

 4
51

.1

C
u 

I 
32

7.
4

C
u 

I 
32

4.
7

, nm  
Fig. 2  Emission spectrum of spark discharge plasma.  
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Table 1  Spectral lines of CuI excited atoms. 

λ (nm) I (a.u.) A (108 s-1) Eup (eV) Termup 

324.7 1.82 1.37 3.82 4p 2P1.5 

327.4 1.29 1.36 3.79 4p 2P0.5 

400.3 1.34 - 8.79 s4d' 2P1.5 

407.3 0.7 - 8.02 s5s' 2D1.5 

427.5 0.38 0.345 7.74 s5s' 4D3.5 

464.3 0.68 - 8.09 s5s' 2D1.5 

510.6 0.36 0.019 3.82 4p 2P1.5 

515.3 0,3 0,6 6.19 4d 2D1.5 

521.8 0,4 0,75 6.19 4d 2D2.5 

570.0 1.34 0.024 3.82 4p 2P1.5  

573.2 0.43 - 7.73 5s' 4D3.5  
 

Table 2  Spectral lines of In I excited atoms. 

λ (nm) I (a.u.) A (108 s-1) Eup (eV) Termup 

283.7 0.16 - 4.64 s5p2 4P2.5 

293.3 0.37 0.23 4.5 5s27s 2S0.5 

303.9 0.76 1.11 4.07 5s 5d 2D1.5 

325.6 1.28 1.3 4.08 5s 5d 2D2.5 

410.2 1.21 0.5 3.02 5s26s 2S0.5 

451.1 1.7 0.89 3.02 5s26s 2S0.5 
 

The weak emission band of second positive system 

of nitrogen and j-system of NO were registered in the 

spectrum as well. 

An intense spectral lines of copper ions in the 

spectrum of radiation, which could reliably identify 

not observed. Probably singly charged ions of copper 

formed in the ground state and react dielectronic 

recombination with electrons. As a result of the 

formation of excited copper atoms that decay with the 

emission spectral lines in the visible and ultraviolet 

wavelengths. 

The most intensive spectral lines are ionic line of 

nitrogen 500.5 nm N II, excited atoms of copper 324.7; 

327.4 CuI and indium 303.9, 410.2, 451.1 nm In I. 

4. Conclusions 

Thus, the emission spectrum of spark discharge 

plasma consisted of atomics lines of corresponding 

electrodes, atomic and ionic line of nitrogen. The most 

suitable spectral lines for plasma diagnostics is atomic 

copper lines in the visible spectrum and atomic 

indium lines in UV and visible spectrum. 

These results can be used for a deeper 

understanding of the processes in spark discharge and 

to select the optimal conditions for the synthesis of 

nanoparticles of different sizes based on copper 

indium diselenide compound by pulsed nanosecond 

discharge. 
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