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Preparation of Films Based on Metal Nitrides by the Method of Magnetron Sputtering
and Study of Their Optical Properties

Abstract:

Semiconductor metal nitrides are of considerable interest to researchers due to the possibility of their
application. These materials have high radiation, chemical, and thermal resistance and can be widely used
to create transparent electronic elements in the future. Due to combining unique optical, electrical, and
piezoelectric properties, TiN, CuN, and AgN can be used in sensors, and devices for generating surface
acoustic waves, photonic crystals, and LEDs. The study object was thin films of metal nitrides such as
TiN, SnN, and AgN, obtained by reactive magnetron sputtering on quartz substrates. The study subject
was the optical characteristics of TiN, SnN, and AgN thin films. The study’s purpose was to investigate
the influence and features of the magnetron sputtering technology on the optical properties of thin films
based on metal nitrides deposited by reactive magnetron sputtering. The main methods of this study were
the analysis of conditions and technologies for magnetron sputtering of metals in reactive gases and the
creation of an improved design of an experimental magnetron for depositing thin films of metal nitrides.
Titanium, silver, and tin nitrides (TiN, AgN, SnN) films on quartz substrates were obtained by reactive
magnetron sputtering. For this, the authors developed a planetary magnetron on permanent magnets,
with an uncompensated magnetic system with a disk cathode. Samples of various configurations of TilN,
AgN, and SnN films were obtained. Spectral characteristics of light transmission were investigated for
the received samples. The presence of main spectral maxima at 450 and 570 nm was experimentally
determined for the studied samples. The physical mechanisms of the existence of these maxima are
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substantiated. The technology of magnetron sputtering of metals in reaction gas atmospheres has been
improved and the possibility of using the obtained films of metal nitrides as optical filters and wide-band

semiconductor materials for creating heterojunctions has been substantiated.

Keywords: films of metal nitrides, TiN, SnN, AgN, planetary magnetron, method of reactive magnetron
HF sputtering, optical characteristics.
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OTpuMaHHA IIAIBOK HA OCHOBI HITPHAIB METAAIB METOAOM MArHETPOHHOI'O HAIIMACHHA

Ta AOCAIAPKEHHS IX OIITHUYHUX BAACTUBOCTEN

Anoramia:

V pobGoTi METOAOM PEAKTHBHOIO MATHETPOHHOIO HAIIMACHHA OTPHMAHO IIAIBKH HITPHAIB THTAHY,
cpibaa, oaoBa (TiN, AgN, SnN) ma xBaprioBux ImiAkAaAkaxX. AAf IIBOIO HAMH OYB PO3POOACHEHIT
IIAAHETAPHUN MATHETPOH HA IOCTIIHHUX MAarHiTaX, 3 HECKOMIICHCOBAHOIO MArHITHOIO CHCTEMOIO 3
AHCKOBUM KatoaoM. Orpumani 3pasku maiBok TiN, AgN, SnN pisaux koudirypariii. Aad orpumaHux
3pasKiB AOCAIAJKGHI CIEKTPAABHI XapaKTEPHCTUKK IIPOIYCKAHHA CBiTAa. EBKcIepuMeHTaAbHO
BCTAHOBAEHO AAfl AOCAIAKYBAHHX 3Pa3KiB HAABHICTb OCHOBHHX CIEKTPAABHUX Makcumymis 450 Ta 570
oM. O0rpyHTOBaHO (Di3HYHI MEXaHI3MH HAABHOCTI AAHHHUX MAKCHUMyMiB. BAOCKOHAAEHO TEXHOAOTIFO
MArHETPOHHOIO HAIIMACHHSA METAAIB B PEAKIIIIHIX ra30BUX aTMOC(EPAX Ta OOIPYHTYBAHO MOMKAHBOCTI
BUKOPHCTAHHA OTPUMAHHUX ITAIBOK HITPHAIB METAaAlB B AKOCTI OITHYHHUX (PIABTPIB T4 IITHPOKO3OHHIX

HAIIBIIPOBIAHHKOBHX MAaTEPIaAIB AASL CTBOPCHHS I€TEPOIIEPEXOAIB.

KarogoBi caoBa: naiBku miTpmaiB Meraais: TiN, SnN, AgN, maaHeTapHHII MATHETPOH, METOA

pCaKTI/IBHOFO MaFHCTpOHHOFO Bq—HaHI/IACHHﬂ, OIITHYHI XapaKTCpI/ICTI/IKI/I.

e

Abbreviations:
CVD is chemical vapour deposition,

LED is light-emitting diode.






Introduction

The relevance of the research topic. Semiconductor metal nitrides are of considerable
interest to researchers due to the possibility of their application (Musil, 1998; Berlin et al., 2007;
Zhukov et al., 2006). These materials have high radiation, chemical, and thermal resistance and
can be widely used to create transparent electronic elements in the future (Muwsz/ et al., 2007). Due
to combining unique optical, electrical, and piezoelectric properties, TiN, CuN, and AgN can be
used in sensors, and devices for generating surface acoustic waves, photonic crystals, and LEDs
(Musil et al., 2007; Nakamnra et al., 1994). Due to their wide band gap, TiN, CuN, and AgN
semiconductors can be used as detector materials for detecting ultraviolet radiation (Nakamura
¢t al., 1994; Zhao et al., 2019; Northrop..., 2017). These materials can also create efficient LEDs
and laser diodes. The relatively small discrepancy between the lattice constants of TiN and Si
allows them to produce heterojunctions with properties close to ideal (Chernyaer, 2007). TiN,
CuN, and AgN films also attract the attention of researchers as window, anti-reflective,
protective, and current-carrying layers of low-cost, large-area solar cells (Zhao et al., 2019).

In the photodetectors and solar cells development, n-TiN/p-Si and n-CuN/p-Si
heterojunctions are of particular interest (Zee, 1988; Gotra, 2007). This is due to the wide
photosensitivity region of such structures (560-2000 nm), their low cost, and the availability of
hetero-carrier materials.

To obtain thin layers of TiN, CuN, and AgN compounds, such methods as magnetron
sputtering, CVD, and sol-gel methods are widely used today (Taruz, 2000; Ber & Minsker, 2017).
However, wide-bandgap semiconductor compound polycrystalline films’ properties obtained by
these methods are currently insufficiently studied, hindering the process of their practical use in
real devices and elements. This problem determines the choice of the research topic and its
relevance. To obtain TiN, SnN, and AgN thin film compounds, reactive magnetron sputtering
methods are widely used today.

Magnetron sputtering systems got their name from M-type microwave devices (magnetron
devices) although they have nothing in common with them except for the presence of crossed
electric and magnetic fields. Magnetron systems are diode-type sputtering systems in which
material is atomised by bombarding the target surface with ions of the working gas formed in
the glow discharge gas. These systems’ high sputtering rate characteristic is achieved by
increasing the ion current density due to the localisation of the plasma in the sputtered target
surface using a strong transverse magnetic field (Musil, 1998; Zhukov et al., 2006). Figure 1 shows
a classical scheme of a magnetron sputtering system (Figure 7).

One of the advantages of magnetron sputtering systems is that the capture of secondary
electrons by a magnetic trap near the target surface prevents intense overheating of the substrate.
In turn, this allows for an increase in the rate of sputtering of materials, and hence their
deposition. The substrate heating source in these systems is the condensation energy of the
sputtered atoms.

It is worth noting that the potential applications of atomisation systems are currently far
from being fully understood and realised. They have taken a strong position in the manufacturing
semiconductor devices and integrated circuits technology. In particular, they are used to form
contacts with various semiconductor and passive circuit elements. They are also used for

manufacturing resistive films for hybrid microcircuits, magnetic films, low-impedance contacts,



and much more.

In addition, they are widely used in industrial plants for applying thin film coatings. These
include various filtering, reflective, protective, and heat-saving optical coatings on glass. Such
systems are also widely used in plasma-chemical processing, etching, and material production.

The study object was thin films of metal nitrides such as TiN, SnN, and AgN, obtained by
reactive magnetron sputtering on quartz substrates.

The study subject was the optical characteristics of TiN, SnN, and AgN thin films.

The study’s purpose was to investigate the influence and features of the magnetron
sputtering technology on the optical properties of thin films based on metal nitrides deposited
by reactive magnetron sputtering.

The objectives of the study were as follows:

— develop an installation for magnetron sputtering of metals. To obtain thin films of

compounds such as TiN, SnN, and AgN by the appropriate method;
— Investigate the optical properties of films of compounds such as TiN, SnN, and AgN;

— modernise the spectral complex KSVU-12, to establish its operation using an ADC board.
The main study methods are the analysis of conditions and technologies for metals
magnetron sputtering in reactive gases and the creation of an experimental magnetron improved

design for depositing thin films of metal nitrides:

o a method for magnetron sputtering of thin films of materials in reactive gases (used to produce
TiN, SnN, and AgN films);

o method of measuring spectral characteristics (used to study the spectral and optical characteristics
of thin films of metal nitrides).
The practical significance of the study is that:

1. A magnetron of our design was developed.

2. The spectral complex was modified, its operation in automatic mode, and the processing
of experimental data on a computer was provided.

3. New measuring techniques for recording small signal levels using instrumental amplifiers
and high-speed ADC board were introduced.

4. The technology of magnetron sputtering of metals in reactive gas atmospheres has been
improved, and the possibility of using the obtained compounds as optical filters and wide-

bandgap semiconductor materials for creating heterojunctions has been substantiated.

Results

The films of metal nitrides (TiN, SnN, AgN) were obtained based on the vacuum universal
post-VUP 5M (Figure 2).

Sputtering was performed under normal conditions and during the initial holding of the
samples in a vacuum (residual pressure in the vacuum chamber was 107 Pa).

For sputtering, the authors have developed a planetary permanent magnetron with an
uncompensated magnetic system together with a disc cathode. The scheme of the magnetron is
shown in (Figure 7). A photo of the magnetron design is shown in the Appendix (Figure 3).

A power supply with a voltage or discharge current stabilisation mode with a maximum

power of 1.5 kW was also developed for the magnetron.



Sputtering was performed in a direct current mode.
The authors used silver, titanium and tin as sputtering targets. Sputtering was performed in

a nitrogen atmosphere at a chamber pressure of 1-5 Pa (Figure 4).

Analysis
Transmittance spectra were studied on the sputtered film obtained samples. The

corresponding samples’ transmission spectra is shown in the Appendix (Figure 5; Figure 6; Figure

7).

Conclusion

The authors’ group has developed an original design magnetron and produced metal films
by jet sputtering in a nitrogen atmosphere.

Using a magnetic system with a concentrated field resulted in a high density of ionic currents
that sputter the target and, accordingly, a high target sputtering ratio of about 90%. This results
in a high productivity of material sputtering.

An installation for magnetron sputtering of materials in a reactive gases’ atmosphere has
been developed.

The magnetron device design principles make it quite easy to implement the task of applying
homogeneous coatings to large-format surfaces and films based on nitrides.

In this work course, AgN, SnN, and TiN films were obtained and their optical
characteristics were studied.

As can be seen from the study of spectral characteristics, two spectral maxima of 450 and
570 nm were observed on all samples.

The shorter-wavelength maximum of 450 nm is associated with the vibrations of the
nitrogen atom in the studied compounds (AgN, SnN, TiN).

The spectral maximum around 570 nm is due to the vibrational motion of the entire
molecule (metal + nitrogen atom).

This theory is also confirmed by the significant intensity of the long-wavelength spectral
maximum of TiN since this compound is relatively light compared to AgN and SnN.

The samples studied by the authors open prospects for their use in optics and modern

nanotechnology.
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Figure 1. Schematic of a magnetron sputtering Figure 2. Photo of the experimental setup
system with a flat target: 1 — magnetic system; 2 —
cathode-target; 3 — magnetic field line; 4 — zone
of the greatest erosion of the cathode surface; 5 —
electron trajectory

-

Figure 3. Photo of the developed magnetron Figure 4. Photo of the spraying process




. 03 12 ¢
: g
£ 025 f z 1F
2 g
5 02 F 208 F
£ £
E 015 F 206
E &
2 01 F 204 |
& =
= 0,05 F £0.2 f
=]
0 L . > 0 . L :
350 450 550 650 750 350 450 550 650 750
JloBskuHA XBHII, HM JopxuHa xBuIi, HM
Figure 5. Transmission spectrum of silver nitride Figure 6. Transmission spectrum of tin nitride
(AgN) (SaN)
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Figure 7. Transmission spectrum of titanium nitride (TiN)



