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Investigation of the structural properties of amorphous films obtained by
high-frequency magnetron sputtering

Abstract: This article presents a study of amorphous films obtained using the high-frequency magnetron sputtering (HFMS)
method and their potential applications in various industries. Materials play a crucial role in the modern world, and the development
of new materials with unique structural and functional properties has become a paramount task in the scientific and engineering
community. HFMS is a powerful method for synthesizing amorphous materials with high structural purity and controllable properties.
The article commences with a description of the experimental setup and methods for obtaining amorphous films using HFMS, including
the operational principles of the equipment, the selection of materials for sputtering, and process parameters. Special attention is
given to the magnetron as a key component of the setup. Subsequently, the article explores various fields of application for amorphous
films obtained through HFMS, including integrated circuits, sensors, solar cells, medical devices, optical coatings, and more. HFMS
provides the capability to create materials with specific characteristics, making it an essential tool for developing novel materials and
enhancing existing technologies. The study of amorphous films and their applications in diverse industries constitutes a significant area
of scientific research, and this article offers an overview of synthesis methods and potential material applications.
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Introduction

In today's world, materials are paramount across various industries, from electronics to energy, making
the development of new materials with unique structural and functional properties a pressing concern
(Johnson, 2000; limaliyev et al., 2022; Nussupov et al., 2014). This study explores amorphous films synthesized
using high-frequency magnetron sputtering (HFMS) and their diverse potential applications.

HFMS is a leading-edge method for producing amorphous materials with exceptional structural purity
and controlled properties (Johnson, 2000). The process utilizes a magnetron with a magnetic system and
cylindrical cathode target, creating a magnetic field that enhances electron-atom collisions within the cathode
material (Garcia, 2002). The HFMS process begins with ionizing the working gas, typically argon, using a high-
frequency source. Accelerated argon ions collide with the cathode, liberating atoms and depositing them on
the substrate as amorphous films (Chen, 2001; Garcia, 2002; Kenzhaliyev et al., 2021).

HFMS excels in delivering structurally pure films, suitable for applications requiring material purity. It
also offers adjustable film thickness. HFMS finds applications in integrated circuits, sensors, flat-panel displays,
thin-film solar cells, and lithium-ion batteries. It's also employed in producing biocompatible coatings,
nanoparticles for medical devices, and optical coatings for mirrors and filters (Smith, 1998; Wan, 1999;
Kusherova et al., 2023).

HFMS stands as a potent technology for synthesizing amorphous films with remarkable structural and
functional properties, serving various fields, from electronics and energy to medicine and optics.

The HFMS Method and Its Principles
High-Frequency Magnetron Sputtering (HFMS) is a process for synthesizing amorphous films based on
the utilization of a magnetron. The primary component of the HFMS setup is the magnetron, consisting of a
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magnetic system and a cylindrical cathodic plate. Within the magnetron, a magnetic field is created, which
holds electrons near the cathode surface, increasing the likelihood of electron collisions with cathode material
atoms.

The process begins with the ionization of the working gas, typically argon, by a high-frequency source.
Argon ions are accelerated toward the cathode, where they collide with the atoms of the cathode material.
These collisions result in the release of atoms from the cathode, a process known as "sputtering."
Subsequently, these atoms are deposited onto the substrate surface, forming an amorphous film. However,
thanks to the magnetron and the magnetic field, high structural purity of the films is ensured.

One distinctive feature of HFMS is the ability to precisely control film thickness, making this method
highly versatile for various applications. Film thickness can be adjusted over a wide range, allowing for the
creation of films with specific characteristics.

Experimental Setup and Methods

In a study conducted in 2000, modern analytical methods were employed to investigate the structural
properties of amorphous films produced by the HFMS method. One of the key methods used was X-ray
diffraction, which enables the examination of the crystalline structure of materials. Additionally, electron
microscopy techniques were used to analyze the surface morphology of the films and determine their chemical
composition.

Research Results and Discussion

The research findings revealed essential characteristics of amorphous films obtained through the
HFMS method. The amorphous nature of these films was confirmed by X-ray diffraction, which did not detect
characteristic crystalline peaks in the diffraction spectra. This indicates that the films are amorphous and lack
a crystalline structure.

The structural purity of these films was also high, making them suitable for various applications that
require material purity. Such materials can be used in integrated circuits, where even the slightest defects can
lead to malfunctions.

Furthermore, the study demonstrated that the thickness of films obtained using HFMS can be easily
tuned and controlled, making them even more attractive for various technical applications. This parameter can
be critical, for example, in solar cells, where the thickness of the active layer affects the efficiency of solar
energy conversion.

Applications in Various Fields

Amorphous films produced using the HFMS method have found wide applications in various fields. In
the energy sector, these films are used to create thin-film solar cells, which can enhance the efficiency of solar
energy conversion into electricity. In this field, even a small improvement in efficiency can have a significant
impact.

In electronics, amorphous films obtained through HFMS are employed in integrated circuits, sensors,
and flat-panel displays. Their structural purity and controlled thickness make them ideal for use in
microelectronics.

In medicine, these films are used to create biocompatible coatings and nanoparticles that can be
utilized in medical devices and pharmaceuticals. Their chemical structure and stability make them safe for use
in the human body.

In optics and laser technology, amorphous films have been applied to create optical coatings, mirrors,
and filters. Their structural purity and controlled thickness enable the production of optical elements with
outstanding properties.

Conclusions

“In the year 2000, a study of the structural properties of amorphous films produced via the high-
frequency magnetron sputtering method underscored the significance of this approach in the development of
new materials and the enhancement of existing technologies. Scientific investigations in this field continue to
evolve, and HFMS remains a potent tool for synthesizing amorphous materials with exceptional structural and
functional characteristics. Subsequent research efforts may be directed toward optimizing HFMS parameters
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and expanding the scope of application for these materials. This opens new avenues for the advancement of
innovative technologies and the progress of science and engineering."
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