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Abstract

Relevance. Among the physical methods of structuring the surface of metals, dielectrics, and semiconductors, a special
place is occupied by laser methods, when laser radiation acts directly on the surface of a solid body.

Purpose. The purpose of this study is to elucidate the possibility of obtaining a structured surface by laser-stimulated
evaporation of salt solutions placed on the surface of a solid body.

Methods. Thus, the process of film formation on the glass surface was studied when a one-percent aqueous solution
of copper sulphate was irradiated with powerful laser radiation on a yttrium-aluminium garnet with a generation
wavelength of 1.06 microns and a pulse duration of 40 ns.

Results. The structure and properties of the film obtained under such conditions are compared with the structure and
properties of the control film formed by drying the same volume of copper sulphate solution of the same concentration,
but without exposure to laser radiation. This control film is uniform, without any structural elements. The film formed
under the influence of laser radiation is structured — it contains characteristic leaf-like elements with dimensions of
0.5-2 microns. The transmission spectra of both films in the range of 300-800 nm were studied.

Conclusions. It was found that the transmission of the control film decreases slightly with increasing wavelength of
incident light. The transmission of the film obtained under the action of laser radiation is practically independent of the
wavelength, but approximately 3-2.5 times less than the transmission of the control film

Keywords: formation of structured films, laser radiation on yttrium-aluminium garnet, aqueous solution of copper
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Introduction

Surface nanostructures have promising practical applica-
tions in highly dispersed systems, in particular, adsorbents,
catalysts, composite material cores, membranes and a
number of other low-dimensional systems with quantum
effects. The formation of such structures on the surface
of solids is carried out by various chemical and physical
methods [1-6]. Thus, in [1] the main achievements in the
field of electrochemical synthesis of nanostructured oxide
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coatings on aluminium, titanium and niobium are analysed,
experimental data from studies of the morphology and
physical-chemical characteristics of nanostructured oxide
coatings on valve metals are considered, as well as their
possible practical applications.

The study of reflections on the surface of electrodes
of a high-current nanosecond discharge in atmospheric
pressure air initiated by escaping electrons showed that
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various surface structures of micro- and nanoscale di-
mensions are formed on the surface of the anode, which
allows modifying and structure its surface [2].

In [7-12], achievements in the field of technologies
for obtaining periodic structures on the surface of semi-
conductors, metals and dielectrics are considered, mainly
under the action of laser radiation of femto-picosecond
duration, and it is noted that periodic surface structures
can be used in the manufacture of new types of MDN
transistors, liquid crystal displays, and solar cells.

In [13], it was reported that a thin nanostructured
iron oxide film was obtained on a sapphire substrate under
the action of laser radiation with a wavelength of 1064 nm.
The dimensions of the film structures were 0.1x0.3 microns.
The film was probably in a superparamagnetic state, which
is important for use in gas-sensitive sensors and various
magnetic devices of medicine and biophysics.

Characteristics of the structured and modified sur-
face and mechanisms of its structuring during the use of
laser-stimulated evaporation of salt solutions from the
surface of solids, in particular, under the influence of de-
focused laser beams of the infrared spectrum, which are
currently poorly studied and are of interest for more de-
tailed study with the aim of their practical use. Of partic-
ular interest are such studies that can be conducted using
widely available solid-state lasers with a generation pulse
duration in the range of 5-50 ns.

The purpose of the study was to develop a method
for structuring the glass surface by laser-stimulated evap-
oration of aqueous salt solutions of CuSO, from the surface
of the glass substrate under standard pressure.

Materials and Methods

To create films from an aqueous solution of copper sul-
phate (CuSO D> the radiation of a yttrium-aluminium
garnet (LIAG) laser was used. The main node of the ex-
perimental setup was an optical quantum generator with
a modulated Q-factor of the resonator. It emitted pulses
of infrared light with a wavelength of 1.06 microns. The
duration of the laser pulse was 40 ns. The frequency of the
laser pulses was 1 Hz. Generation was carried out on one
transverse and many longitudinal modes. At the same
time, the laser pulse had Gaussian spatial and temporal
distributions.

a)
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The radiation from the generator was directed to
an amplifier stage consisting of three single-pass laser
radiation amplifiers. The energy in the laser pulse after
amplification was 0.05 J. After leaving the amplifying stage,
it was sent to a slide table, on which was placed a glass
plate with two almost identical drops of an aqueous solution
of copper sulphate. During the experiment, one of these
droplets was irradiated with laser radiation, while the
other remained a control (it was not irradiated and dried
out under normal atmospheric conditions). To increase
the diameter of the laser beam (4 mm) to the diameter of
the solution droplets (15 mm), a scattering lens was used in
the experiment. The above energy and geometric charac-
teristics of laser radiation indicate that the average power
density of laser radiation on the surface of the solution
drop under study was approximately 1.8x1010 W/m?

The experiment used a one percent aqueous solution
of copper sulphate. The duration of laser irradiation of
the test drop was equal to the duration of complete drying
of the control drop, which is 210 minutes. Notably, the
drop that was irradiated with laser radiation dried up in
about 150 minutes. During the remaining time, the laser
radiation was acting on the dried spot. At the same time,
both drops formed films on the glass surface, which differed
significantly in structure.

Results and Discussion

Using an optical microscope, both films were photographed.
At the same time, about 20 photos of various sections cor-
responding to the central parts of the resulting films were
taken. In the case of films obtained under the action of
laser radiation, radiation of maximum intensities fell into
these parts.

Figure 1 shows the characteristic features of the
structures of the resulting films. Illumination of films in
a microscope was carried out by an incandescent lamp.
The magnification of the microscope was 1500. The width
of the photos shown in Figure 1 corresponds to a size of
2 microns on the corresponding films. According to Figure 1,
the resulting films are very different in structure. Thus,
the control film (a) does not contain a crystal structure.
It is quite uniform with very small inclusions of dark red-
brown particles. Judging by the colour, these inclusions
are probably microscopic particles of copper oxides.

b)

Figure 1. Micrographs of the control film (a) and the film obtained under the action of laser radiation (b)
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As for the film obtained under the action of laser
radiation (Fig. 1 (b)), then unlike the control one, it is very
heterogeneous and has a clearly defined structure. The
cover on the glass surface with this film is quite dense.
This film, like the control film, does not contain objects
with clear rectilinear shapes that are characteristic of
crystal structures. However, a characteristic feature of the
structure of this film is that its structure consists of a series
of elongated leaf-shaped spots separated by clear dark
curved borders. For their part, some spots have clearly de-
fined ordered structures. These ordered structures consist
of dark and light lines and stripes that are located par-
allel to each other within the same spot, and at the same
time, at different angles to the structures corresponding
to neighbouring spots. This is clearly visible in the spot at
the top of the corresponding photo in Figure 1 (b).

These structures are located parallel to each other.
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The dimensions of elements of both ordered and dis-
ordered structures are about 0.5-2 microns. The authors
conducted detailed studies of the transmission spectra of
the obtained films in the near ultraviolet and visible re-
gions of the spectrum. The total wavelength range was
300-800 nm. Measurements of these spectra were carried
out on the KSWU-23 spectral complex based on the MDR-23
monochromator at room temperature. A detailed method
for studying the transmission of light by films on this in-
stallation is given in [14-15]. Integrated film transmission —
the transmission of sections of films with a diameter of
approximately 2-3 mm corresponding to the central parts
of the films — was also studied. Admittedly, a significant
number of film structure objects, which are shown in Figure 1,
fall into these areas. The results of studies of transmission
spectra are shown in Figure 2.
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Figure 2. Transmission spectra formed under the action of laser radiation (1) and control (2) films on a glass
substrate and the glass substrate itself (3) obtained using radiation from a hydrogen lamp (a) and
an incandescent lamp (b)

Spectra (1) and (2) shown in Figure 2 include both the
transmission of the films themselves and the transmission
of glass, the radiation spectrum of the light source and
the sensitivity of the photoelectronic converter (FEC),
and the spectrum (3) — the transmission of glass, the
spectrum of the radiation source and the sensitivity of
the FEC. Therefore, to obtain the transmission spectra of
the films themselves, it is necessary to divide the data of
spectra (1) and (2) by the data of spectra (3). Analysis of

the results shown in Figure 2 suggests that the applica-
tion of this procedure gives reliable results for the regions
of 320-500 nm (for a hydrogen lamp) and 420-770 nm (for
an incandescent lamp). The transmission spectra of the
films themselves obtained as a result of this procedure are
shown in Figure 3. At the same time, the “crosslinking” of
the data obtained for the two lamps was carried out for a
wavelength of 450 nm.
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Figure 3. Transmission spectra of films formed under the action of laser radiation (1) and control (2)



According to Figure 3, it is clear that the transmis-
sion of the control film decreases slightly during the tran-
sition to light waves with large wavelengths. As for the
film formed under the action of laser radiation, its trans-
mission, depending on the wavelength, is approximately
2.5-3 times less than the transmission of the control film.
At the same time, its transmission in the entire spectral
range under study practically does not depend on the
wavelength of light.

Conclusions
The authors investigated the process of film formation
due to exposure of powerful infrared nanosecond laser
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radiation to a 1% solution of copper sulphate in distilled
water. At the same time, a structured film with a charac-
teristic structure size of 0.5-2 microns was obtained. The
resulting film is transparent in the visible range of the
light wave spectrum (300-800 nm). Its transmission in this
spectrum range does not depend on the wavelength of
light, but is 2.5-3 times less than the transmission of the
control film.

In general, the findings presented in this paper in-
dicate the fundamental possibility of obtaining relatively
transparent films with ordered structures by irradiating
solutions of chemical compounds with powerful nanosecond
laser radiation.
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AHoTania

AkTtyanbHicTh. Cepel Gi3UIHUX METOAIB CTPYKTYypPYBaHHsI IMOBEPXHi MeTasiB, [ieeKTPUKIB Ta HAIiBIPOBIAHUKIB
0cob/iMBe Micile 3aiiMalOTh Jla3epHI METOAU, KOJIU Oe3[ocepesHbO Jia3epHe BUIPOMIHIOBAHHS /i€ Ha IOBEPXHIO
TBEpZOTO Tisa.

MeTta. MeToto 11i€i po6OTH € 3’ACyBaHHA MOXXJIMBOCTI OTPUMaHHsS CTPYKTYpOBAHOI IIOBEPXHI METOZOM JIa3epHO-
CTUMYJIbOBAHOT'O BUIIAPOBYBAHHs PO3YMHIB cojiel, po3MillleHUX Ha TIOBEPXHi TBEPZOTO Tija.

MeToau. [lnsa uporo 3zaiiCHEHO AOCIIKEHHA Ipollecy GOPMyBaHHS IUTIBOK Ha MOBEPXHi CKJIa MPU ONPOMiHEeHHi
OZHOIIPOILIEHTHOT'0 BOZHOT'0 PO3YMHY MiZITHOT'O KYIIOPOCY IOTY>KHUM BUIIPOMiHIOBaHHSM Jla3epa Ha iTpili-altoMiHieBOMY
rpaHarTi 3 ZOBKUHOIO XBWIi reHepariii 1,06 MKM i TpuBaicTio iMiysibey 40 He.

PesynbraTn. CTpyKTypa ! BIACTMBOCTI OTPHMAaHOi 3a TaKUX YMOB IUIIBKU ITOPiBHIOIOTBCA 3i CTPYKTYPOIO Ta
BJIACTUBOCTSIMU KOHTPOJIBHOI IUTIBKY, YTBOPEHOI BHACIIJOK BUCHXaHHS TAKOT'0 XK 06’€My PO3YMHY MiZJHOTO KyIIOPOCY
OJHAKOBOI KOHIIEHTpallii, aje 6e3 BIUIUBY JIa3€pPHOTO BUIIPOMiHIOBaHHs. L[ KOHTpOJIbHA IUIiBKA € OAHOPIZHOIO,
6e3 OyAb-sIKMX CTPYKTYpDHUX ejleMeHTiB. IDTiBKa K, sIka yTBOpWIacs IiJ JI€0 JIa3epHOIO BUIIPOMIHIOBAaHHA €
CTPYKTYPOBaHOIO — BOHA MIiCTUTh XapaKTePHI TUCTKOTIOAiIOHI eJleMeHTH 3 po3mipamu 0,5-2 MKM. JIOCTiKeHO CITEKTPU
mporyckaHHsI 000X IUTiBOK B o6;tacti 300-800 HM.

BucHOBKU. BuspieHo, 10 MPOIyCKaHHS KOHTPOJIBHOI IUTIBKY JEII0 3MEHIIYEThC il Yac 30UTbIIEeHHS AOBXUHUI
XBWII azaodoro ceitia. [IpomyckaHHA X IUTIBKY, OTPUMAHOI i ZIi€l0 JJa3epHOr'0 BUIIPOMiHIOBaHHSA, MPAKTUYHO He
3aJIEXKUTD BiJl IOBXKUHY XBUWIi, OZHAK MPUOIU3HO Y 3-2,5 pa3u MeHIIIe TPOITyCKaHHA KOHTPOJIbHOI IUTiBKYU

Kirro4oBi cj1oBa: yTBOpEHHS CTPYKTYPOBAaHUX IUTIBOK, BUIIPOMIHIOBAHHS Jiadepa Ha iTpili-ayroMiHieBoMy rpaHaTi,
BOZHUI PO3YUH MiJHOTO Kymopocy, MikpodoTorpadii ILTiBOK, CIIEKTPH IIPOITyCKaHHSA



