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Aluminum is used to improve the physicochemical properties of electronic
devices and protective coatings [1], control of chemical processes and obtaining
cluster structures. Al203 nanoparticles are used for microelectronic circuits, sensors,
piezoelectric devices, coatings for surface passivation, anti-corrosion coatings as a
catalyst adsorbent and abrasive materials, in medicine and biology [2].

In the research of P’erez-Tijerina E. E., et al and Mazhukin V. I., Nosov V. V. [3,
4] aluminium plasma was generated by the exciplex lasers KrF (248 nm, 10 W/cm?)
and XeCl (308 nm, 9x108 W/cm?). The electron concentration (ne) decreased with
increasing distance from the target, as (5,5 - 1) x10"” cm3, and electron temperature
(Te) from 1,75 t0 1,2 eV, and 7x10'® — 5x10" cm=23and 2,5 — 0,9 eV accordingly.

Analysis of the results (Table 1) show that an increase in the pressure (P) in the
vacuum chamber (0.1-7 Pa) leads to an increase in the temperature of the electrons
and a decrease in their concentration. Due to the interaction with the external gas,
the chaotic motion of the plasma particles increases, which contributes to the
improvement of ion recombination. Extrema were observed as a function of the
electron concentration of the aluminum plasma plume and the ambient gas pressure
in the range of 10-3-10° Pa. Decreasing the wavelength of the laser radiation led to
an increase in the electron concentration. This is probably due to the specifics of the
introduction of energy into the target and the laser plasma under the action of the
laser, as well as the different modes of interaction of the plasma plume with the
external gas at different pressures. Under similar experimental conditions, the
increase in power led to an increase in temperature and electron concentration [7].

Table 1
Comparison of laser plasma parameters by focusing of Nd: YAG laser at
wavelength of A = 1064 nm on aluminum target.

References | W , B1/cm? | Gas, P, Pa | Target Distance, mm| Te eV Ne, cmM3
[6] 5x108 13,3x102 | Al 0,5 1,6 -0,8 0,15-1,4
air x1018
[8] 1,3- Al 0,61-1,01 | 4,2x10"7
7,6x1010 air 7,6x1018
0,25- 1,59 0,21-0,33 | 1,3x10"
x108 1,3x1016
[9] 10° 104 -10° Al 0-5 0,79-0,52
Ar
air Al 0,69-0,47
[10] 10° 5-20 1 8,1-7,5
N2 x1015
[5] 4x1010 1,33x10°% | Al 1-12 2,8-0,9 9,1-5
vacuum x10"7
[11] 5,5%x1010 air 0-5 0,83-0,66 | 0,42-
1,3x108
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The increase in power when using a laser with a generation wavelength A = 532
nm and a power density W = (1-8) GW / cm? led to an increase in temperature and
electron concentration in the range of 6.9-7.5 eV and 5 x 10'9-102° cm® accordingly
[7]. An increase in the power of laser radiation A = 1064 nm and W = 0.1-5.5 x 100
W / cm? also led to an increase in the electron temperature (at atmospheric pressure)
of 0.7-0.83 eV [9, 11]. The energy of the laser radiation introduced into the plasma
increases, and the plasma dimensions do not exceed 1-2 mm in the direction
perpendicular to the target, the propagation of plasma from the target is restrained by
an external gas.

At low values of ambient gas pressure 103 -10* Pa and specific powers of laser
radiation (0.02; 0.4; 3.8) x 10" W/cm? with a wavelength of 1046 nm electron
temperature decreased from 3.5 to 1.4 eV, and the electron concentration from 7.7
to 2.5 x 10" cm3[12, 13]. As the pressure increased, the amount of evaporated
material decreased [9]. Since the external gas does not restrict the movement of the
plasma, then, accordingly, the increase in energy introduced into the plasma leads to
a greater expansion and decrease in the concentration and temperature of electrons.

In the research of Lober R., Mazumder J. [14] the plasma of aluminium was
created by CO:2 laser (5- 7 kW). 7,5-29% of radiation was absorbed by aluminum
laser plasma. The plasma temperature in the center of the plasma plume was 1,2—
1,3 eV.

The highest concentration of aluminum particles 6 x 10'> cm was observed at
distances of 6-7 mm from the target. Then it gradually decreased after a distance of
10 mm at different pressures (1-70 Pa) of oxygen [15].

The results of spectroscopic study of low - energy laser plasma radiation of
aluminum by emission spectroscopy are presented in the present paper. In addition,
the plasma parameters of the laser plasma are estimated. Analysis of literature data
shows that the direction of research is relevant. Likewise, experimental and
theoretical studies contribute to a better understanding of the processes that take
place in low-energy laser plasma.

This paper presents analysis of literature data and own research of the
parameters of aluminium laser plasma. Radiation of a pulsed infrared laser with a
power of 4 x 108 W/cm? was used and the target of pure aluminum was placed at a
distance of 1 mm at a residual gas pressure of 7 Pa. The detailed description of the
experimental setup is given in [16].

In the laser plasma plume, the change in the temperature of the electrons at
times up to 160 ns varied from 2.1 to 0.5 eV, and the concentration of electrons from
3.4 x 10" to 4,7x10" cm=3. The temperature and concentration of electrons in
different spatial regions depend on the gas pressure and the power of the laser
radiation.

The obtained results improve the understanding of the fundamental processes
of laser propagation of metals into the atmosphere of external gas at different
pressures. It is established that in different time intervals the existence of laser
plasma distribution is different, which reflects the corresponding change in
temperature and electron concentration. Therefore, these results can be used to
optimize and control the conditions of laser sputtering of metals, and to optimize
chemical processes in the propagation of laser plasma of metals in an atmosphere of
chemically active gas. Similarly, the data can be used to study the fundamental laws
of the physics of processes of nanostructures and plasma with controlled parameters
for plasma processes.
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