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Abstract. This study is devoted to the formation of conductive graphene-like layers on the
surface of silicon carbide by laser removal of silicon in local zones. The work demonstrates
the effect of the laser system pulse frequency on the thickness and electrical conductivity of
the resulting conductive graphene-like layer on a silicon carbide plate. In addition, optimal
parameters for obtaining a conductive coating and the required surface roughness suitable for
designing antenna devices are determined. At a frequency of 100 kHz, conductive graphene
films of the coating with a thickness of 6.5 pm were obtained, while the modified zone was
93% of the total impact area. The thickness of the conductive layer in the local zone processed
at a frequency of 40 kHz reached 5 pum, and at a frequency of 120 kHz — 7 um. The results
demonstrate the potential for the development and creation of sensor elements, optoelectronics
and photonics devices.
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AnHotanusa. [laHHoe WMccilenmoBaHWE  IOCBSIIEHO  (OPMUPOBAHUIO  TTPOBOISIIIUX
rpacheHOTIOIOOHBIX CJIOEB Ha MOBEPXHOCTU KapOuaa KpeMHMSI METOJ0M JIa3epPHOTO YAaJleHUs
KpPeMHUS B JJOKQJIbHBIX 30HaX. B paboTe mponeMOHCTPUPOBAHO BIUSIHUE YaCTOTHI UMITYJILCOB
JIa3epHON CHUCTEMbl Ha TOJIIMHY U 3JEKTPOINPOBOJHOCTH OOPA3YIOLIErocsi MPOBOISIIETO
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rpadeHOMMOOOOHOI0 CJI0s Ha IlacTUHe Kapouma KpemHus. Kpome Toro, omnpenejeHbl
ONTUMAaJIbHbIE TapaMeTpbl JUISI TIOJIyYEeHHUs IIPOBOISIIEIO IOKPBITHSL U TpebyeMoii
LIEPOXOBATOCTU MOBEPXHOCTH, IPUIOAHBIX IS IPOSKTUPOBAHUS AHTEHHBIX YCTPOMCTB. B
yacTtHocTH, nipu yactote 100 k' ObUIM MoaydeHbl NPOBOASIIME TJIEHKU rpacdeHa MOKPHITUS
TOJILLIMHOM 6,5 MKM, IpY 3TOM MoAuGUIMPOBaHHAs 30Ha cocTaBuia 93% ot o6lIel mIowanm
Bo3zaeticTBUs. TomluHa MPOBOSIIETO CI0ST B JIOKAJbHOMW 30HE, 00pabOTaHHOU TpU YacToTe
40 xI'u, mocturana 5 mxkM, a mpu 4vactore 120 x['m — 7 mMxm. [lonxydeHHBIe pe3yabTaThl
JEMOHCTPUPYIOT MOTEHIIUA ISl pa3pabOTKU U CO3MAHUSI CEHCOPHBIX 2JIEMEHTOB, YCTPOMCTB
OIITORJICKTPOHUKU U (POTOHUKH.

KmoueBbie cioBa: rpadeH, JlazepHoe paspylleHne, Kapoua KpeMHUsI, MUKPOJIEKTPOHUKA
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Introduction

In recent decades, graphene and graphene-like materials have gained significant popularity
in the scientific community due to their unique electronic, mechanical and thermodynamic
properties. These materials offer prospects for the development of more efficient electronic devices
and sensors, as well as energy storage systems. Traditional methods of graphene synthesis, such
as chemical vapor deposition or mechanical exfoliation, are associated with certain difficulties,
including high cost and complexity of the processes [1—2]. One of the promising approaches to
the formation of graphene-like coatings is laser ablation of the silicon component from a silicon
carbide (SiC) substrate. This technique allows one to obtain graphene-like films directly on the
SiC surface and control the process by optimizing the laser exposure parameters. This method
provides a high degree of control over the properties of the final material and helps to reduce the
time and cost of synthesis [3].

The relevance of this study is due to the growing demand for graphene and graphene-like
materials in microelectronics and sensors, which necessitates the creation of new efficient and
cost-effective methods for their production. The SiC substrate on which the conductive layer is
formed has properties suitable for creating power electronics devices, which makes it a promising
basis for working with graphene-like films [4]. In addition, the SiC laser ablation method opens
new opportunities for studying the interaction of laser radiation with materials, which can
contribute to the creation of innovative technologies for surface treatment and the formation of
structures for microelectronics tasks [5—7]. Thus, the study is significant not only for materials
science but also has practical value for the creation of new electronic devices, confirming their
relevance in modern scientific and technical conditions.

Materials and Methods

The objects of the study were silicon carbide (SiC) substrates of the 6H-SiC polytype, on
the surface of which a conductive graphene layer was formed by laser ablation. In this work,
we studied the change in the pulse frequency of the laser system at a constant beam scanning
speed of 400 mm/s. For the experiments, we used a PL-DFB-1060 laser system — a source of
coherent radiation with a central wavelength of 1060 nm. The size of the processed local areca was
700x700 um. The diameter of the laser spot was 20 um. The resulting graphene-like film samples
were laser-cut to measure the thickness.
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Results and Discussion

Based on the results of the conducted experimental studies, the dependences of physical and
electrophysical parameters on the pulse frequency of laser processing of the local zone were
established. Thus, Figure 1, a illustrates a local area with a formed graphene-like film at a pulse
frequency of 40 kHz, where the thickness of the conductive layer reached 5 um. Figure 1, b
demonstrates the result of laser ablation on a section of silicon carbide at a frequency of 120 kHz
with a conductive layer thickness of 7 um.

b)

Fig. 1. Images of a local area on the surface of silicon carbide after the formation of a conductive
coating using the laser ablation method at a pulse frequency of 40 kHz (a) and at a pulse frequency
of 120 kHz (b)

Despite the color and filling of the area, all local areas starting with a laser pulse frequency of
20 kHz had a conductive surface but had heterogeneity on the surface of the local area, which
complicated the calculations of materials or antenna devices for which it was planned to develop
this technology. Starting with a pulse frequency of 100 kHz, the surface of the local area changed
insignificantly, and the conductivity reached its limit value for the film. The study of samples
by Raman spectroscopy showed that it can be stated that graphene was formed on the surface
starting with a frequency of 60 kHz. This fact is also indirectly confirmed by the measured specific
conductivity of the samples of 5.7-10° S/cm.

Conclusion

In the presented work, the effect of the laser system pulse frequency on the thickness and
electrical conductivity of the formed conductive graphene-like layer on a silicon carbide plate was
established. Additionally, the optimal parameters for the synthesis of the conductive coating and
surface roughness suitable for designing antenna devices were determined. At 100 kHz, conductive
films of the graphene-like coating with a thickness of 6.5 um with a proportion of the modified
zone of 93% were obtained. The study of the samples by the Raman spectroscopy method
directly indicates the formation of graphene on the surface, starting from a frequency of 60 kHz.
This fact is indirectly confirmed by the measured specific conductivity of the samples, which
was 5.7x10° S/cm. The results obtained are applicable in the development of sensor elements,
optoelectronics and photonics devices.
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