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Summary. A new method of nanotubes causing on the surface of polytetrafluoroethylene (PTFE) films
using a device for laser shock-plasma acceleration of finely dispersed materials was developed in this work,. The
formed structures were investigated using scanning electron microscopy. The transmission spectra of the formed
films were studied. Physical mechanisms during coating application and changes in transmission spectra are
explained.
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Statement of the problem. Today, electronic devices and their components are widely
used in all fields of science and technology. The application of flexible electronics in modern
technology is of great interest, as it makes it more compact, less material-intensive and less
energy-consuming. In recent decades, nanotubes have also been used to manufacture new
electronic components. Different methods and technologies are used to manufacture flexible
electronics components. It is of interest to use laser methods of nanotubes causing on the surface
of flexible substrates (polytetrafluoroethylene films) with the aim of further application of such
components in microelectronics and nanoelectronics.

Analysis of the available investigations. Nanotubes have a number of advantages
over traditional materials, the main of which are: low resistance, high conductivity, high
electron work, high elastic properties, etc. [1-2] The presence of these properties
contributed to the fact that nanotubes find their application in new fields of electronics,
microelectronics and nanoelectronics: the manufacture of electric batteries, optical fibers,
various sensors, etc. [3-5]. Considering the literary sources, it can be said that the problem
of creating new electronic components is actual. We conducted preliminary studies on laser
implantation of nanotubes into the surface of aluminum, which showed the prospects of
using lasers for such processing [6].

The Objective of the work is to develop a method of reliable nanotubes causing on
the surface of flexible substrates using laser radiation and to study the properties of the
formed films.

Statement of the task. Research on the possibility of applying the method of nanotubes
causing on the surface of polytetrafluoroethylene (PTFE) films using a device for laser shock-
plasma acceleration of finely dispersed materials.

Experimental model. A special device for laser shock-plasma acceleration of finely
dispersed materials was used for the nanotubes causing on PTFE films (fig. 1) [7].

The radiation of the laser 1 in the Q-switched mode is focused by the optical system
2 through the transparent plate 3 on the nanotubes 8, which is placed in the groove 7 of the
additional transparent plate 6 attached with the help of glue 5. The energy flow density of the
laser pulse is regulated within the range of 5x108W/cm? to 2x10°W/cm?.
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As a result of the high density of the flow, part of the nanotubes turns into a plasma
state. The high rate of plasma formation and the limited volume for its expansion form a «shock
pistony that accelerates and sprays the nanotubes 8 through the groove 7 onto the surface of the
PTFE film 3. By changing the geometric dimensions and shape of the groove, the required
nanotubes flow parameters can be achieved.

S

Figure 1. Device for laser shock-plasma acceleration of finely dispersed materials:
1 — laser, 2 — optical system, 3 — PTFE film, 4 — transparent plate, 5 — glue,
6 — additional transparent plate, 7 — slot, 8 — nanotubes.

The proposed method using a device for shock-plasma acceleration of finely dispersed
materials allows nanotubes causing on flexible substrates, which is a variation of the method of
laser deposition of films, as in lithography.

According to estimates, the average speed with which the nanotubes flew out
was >2km/s, and the energy per carbon atom was 0.8 eV, which is an order of magnitude lower
than the interatomic bond energy of carbon nanotubes (6 eV). Therefore, only a part of the
carbon atoms goes into the plasma state under the action of the laser pulse, but this leads to an
increase in pressure and the formation of an elastic wave, as a result of which the carbon atoms
fly out of the groove and are caused on surface of the PTFE film.

Nanotubes causing was carried out in two types of PTFE films. The thickness of the
films were 40 microns and 80 microns (Fig. 2). As can be seen in fig. 2 d, the coating after
application has the appearance of wavy periodic structures with the thickness of combs 1-3 pum,
in addition, there are more transparent areas without nanotubes, which are clearly visible in the
image, caused by the breaking of bonds in the film during an ultrafast impact. From fig. 2 e, we
can see that the thickness of the applied coating is 20 um.

The coating was formed by the ultra-fast collision of nanotubes and their parts with a
PTFE film. A large number of atoms simultaneously fall on a small area of the surface and a
large amount of energy is concentrated, which leads to ultra-fast deformations and heating of
both parts of the nanotubes and the film. Thus, in the collision zone, extreme conditions arise
under which highly unbalanced physicochemical processes are induced (emission and
ionization of charged particles, generation of radiation and microshock waves, breaking and
establishment of interatomic bonds), which are not realized under normal thermal conditions.
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Figure 2. Surface of PTFE films before and after nanotubes causing:
a — thick film (80 um) before causing, b — the end of a thick film after implantation,
¢ — thin film (40 um) before implantation, d, e — surface and end of the thin film after implantation

The optical transmittance spectra of the films before and after the nanotubes causing
were studied using a photometer. The study of the optical transmittance of PTFE films
before and after application is shown in fig. 3. As can be seen from the figure, in absolute
units, the transmission spectra of the films before and after the nanotubes causing practically
repeat each other. But in relative units (Fig. 4) it can be seen that the transmittance spectrum
of the thin film has practically not changed and is within the margin of error, and the
transmittance spectrum of the thick film at wavelengths of 500-800 nm has increased
(maximum 10% at the wavelength of 600 nm).

ISSN 2522-4433. Bicuux THTY, Ne 4 (108), 2022 https://doi.org/10.33108/visnyk_tntu2022.04



Some aspects of autonomous cyber-physical systems diagnostics by their qualitative state

t, %

_u[lJ 400 500 600 J00 00 00 1000

A ,nm

Figure 3. Transmission spectra of PTFE films without nanotubes and with nanotubes:
a — clean thin film, b — thin film with nanotubes, ¢ — clean thick film, d — thick film with nanotubes

The decrease in transmission is easily explained by the increase in the thickness of the
films after the nanotubes causing and the decrease in transparency, which leads to an increase
in absorption and scattering. The increase in transmittance is possibly associated with increased
transparency areas on the surface of the film, but since their number is small, their contribution
to the integral characteristic is negligible. Most likely, it can be assumed that the increase in
transmission is related to the reduction of Fresnel losses on the film surface from several percent
to tens of percent.
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Figure 4. Change in transmission spectra in relative units:
1- thin film; 2 — thick film

Conclusions. A new method of nanotubes causing on flexible substrates (PTFE films)
using a device for laser shock-plasma acceleration of finely dispersed materials has been
developed.

Scanning electron microscopy shows that a strong adhesive bond is formed between the
caused nanotubes and the PTFE substrate.

The transmission spectra of the obtained films were determined and the mechanism of
their change due to the reduction of Fresnel losses on the surface of the PTFE film with caused
nanotubes was explained.
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METOA HAHECEHHA HAHOTPYBOK HA ITOBEPXHI
HOJITETPA®TOPETU/IEHOBUX IIVIIBOK

Biraaiit Mouapcekuii; Oxcana Cirkap; boranan KoBamiok

Teprnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pe3tome. Ha cbo200mi enekmponHi npucmpoi ma ix KOMNOHeHmu 3HAUWIU WUPOKe 3ACMOCY8AHHI 8 YCIX
2anyssax HAayku i mexwiku. Benukuil inmepec npedcmagnae 3acmocy8aHHsi SHYYKOI eleKmpOHIKU 8 CYYdCHIll
MexHiYl, OCKIIbKU ye pobums ii KOMNAKMHIWOW, MeHUul MamepiaiomMiCmKOw ma MeHUl eHep2o3ampamHoi.
Ocmanui  decamunimms 01 6USOMOBNEHHA HOBUX KOMNOHEHMIE eNeKMPOHIKY MAKOIC 3ACMOCOB8YIONb
HaHompyoxu. s 6ucomosnenHs KOMNOHEHMI8 EHYYKOi eleKMpPOHIKU 3acmoco8yiomy pisHI Memoou ma
mexHono2ii. Llikasum € 3acmocy8ants 1azepHux Memooie HaHeceHHs HAaHOMPYOOK HA NOBEPXHI HYUKUX NIOKIAOOK
(norimempagmopemuneHosux NIiBoK) 3 MEMOI0 NOOATLUIO20 3ACMOCYBAHHS MAKUX KOMIOHEHNI8 Y MIKPOeNeKMPOHIYi
1 Hanoenekmponiyi. Hanompyoxu 6on00iioms psadom nepesae HA0 MpaOUYiliHUMU MAMEPIANAMU, OCHOGHI 3 SKUX:
HU3bKULL ONIp, BUCOKA MPOGIOHICHIb, BUCOKA pPodOMA GUX0OY eNeKMPOHIB, BUCOKI NPYIICHI 1ACMUBOCT MOUO.
Hasgnicmb yux enracmueocmeii cnpusna momy, wo HaHompyOKu 3HAX00AMb CE0€ 3ACMOCYBAHHA @ HOGUX 2aY3SX
€NeKMPOHIKY, MIKpPOENIeKMPOHIKU | HAHOENEKMPOHIKU. BUCOMOBNIEHHS eleKMPUYHUX bamapel, ONMOoBOJIOKHA,
PIBHOMAHIMHUX ceHcopie ma iH. Po3pobnennsi mMemoody HaoiliHO20 HAHECEeHHSI HAHOMPYOOK HA NOBEPXHIO SHYUKUX
niONA0OK i3 BUKOPUCTNAHHAM JIA3EPHOCO BUNPOMIHIOBANHSL MA OOCTIOINCEHHS GIACMUBOCEN YMBOPEHUX NAIGOK. Y
pobomi po3pobneHo HOBull CNOCIO HAHECEeHHs! HAHOMPYOOK HA NOBEPXHI NOJMempapdmopemuieHo8ux NiGoK i3
BUKOPUCIAHHAM NPUA0Y ONf IA3ePHO20 YOAPHO-NIA3MOB020 NPUCKOPEHHs OpibHOOUChepHHCUuX mampianie. 3a
OyiHKaMu, CepeoHs WEUOKICMb, 3 AKOW GUIImany Hauompyoku, cmauosuna >2km/c. Hamecemns wnanompy6box
npogodunu y 0sa munu noaimempagmopemunenogux nuieok. Toswuna niieox — 40 ma 80 mxm. Ioxpumms
VMBOPUNOCA NPU HAOWGUOKOMY 3IMKHEHHI HAHOMPYOOK ma ix wacmun 3 RONIMempapmopemuileHo6010 NiGKoI0.
Hocniosiceno cnekmpu OnmuuH020 NPONYCKAHHA NONIMempagymopemuneHogux niieok 00 ma niciia HAHECeHHs.
Toxazano niosuwenns nponyckamus 6 oianazoui 0osxicun xeéuib 6i0 500 oo 800 mm. Lle noscuioemvbcs nosgow
NPOCEImAeHUX OLIAHOK HA NOBEPXHI NIIBKU BHACTIOOK YIbMPAUEUOK020 3iMKHEHHs ma smeHuenHamu empam Ppenens
HA NOBEPXHI NAIBKU 3 KITbKOX 8I0COMKI8 00 0ecsimux 8i0COMKa.

Kniouosi cnosa: syeneyesi nanompyoxu, aiazep, niieku.
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