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Abstract

In this paper, Mo-Cd compounds obtained by deposition in an ion-plasma installation were considered.
For this purpose, a method is used for obtaining coatings with a nanocrystal structure using ion-plasma
deposition of metals, followed by deposition on the substrate in the form of island films. Fundamentally new
coatings based on molybdenum-cadmium Mo-Cd were obtained. For the first time, mo-Cd synthesis was
obtained at a temperature not higher than 100 ° C and was carried out using the thermoflutination melting effect.
The channeling effect was used to study the structure of single-crystal samples using Rutherford backscattering
spectroscopy. Based on the analysis of the spectra obtained at different orientations of the ion beam in the
channeling directions, it is possible to obtain information about the crystal perfection of the studied sample.
From the analysis of the value of the surface peak, which is the result of a direct collision of ions with surface
atoms, you can get information about the structure of the surface, for example, about the presence of
rearrangements, relaxations and adsorbates on it. The experiments were performed using an x-ray diffractometer,
an electron microscope, and a cryogenic unit.

Key words: ion-plasma deposition, channeling effect, molybdenum-cadmium, insular films, x-ray
diffractometer, electron microscope, cryogenic installation.
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AHaaTna

JKyMBICTa HOHIBI-IJIA3MANBIK KOHJIBIPFBIAA TYHIBIPY JKOJbIMeH anbiaraH Mo0-Cd  KOCBUTBICTApHI
KapacTelpbuapl. O VINH METalAbl HOHIBI-IUIA3MANbIK TO3aHIATYIbl KOJAAaHA OTBHIPHIN, HAHOKPHCTAJIBI
KYPBUTBIMBL Oap >KaOBIHIApIABl Ay oOJici KOJIAHBUIAIBI, KEHiHHEH apaifblK IUICHKAJap TYPIHAE TOCEKKE
TyHABIPY. MonubaeH-kaamuit MO-Cd Herisinze sxaHa xa0bigap ansiaasl. Asram per 100 © C sxorapsl emec
temrneparypaga Mo-Cd cuHTe31 anbIHIBI XKoHE OANKBITYIBIH TEPMOQIIOTUHANMSIIBIK dCEPIH KOJJAHY apKbLIbI
JKY3ere achIpbUIAbl. MOHOKpHCTANABl YITUICpIiH KYPBUIBIMBIH 3epTTey YIIiH Pesepdopnarteiy kepi
IIANTBIPAYBIHBIH CIIEKTPOCKOIMACH apKBUIBI KaHANAay ocepi KoJmaHbUInbl. KaHammay OarsiTTaphl OOMBIHIIIA
MOH/Iap/IbIH IIOFBIPBIHBIH SPTYPIIi OarbITTapblH/A abIHFaH CIEKTPJIEpl Taljiay Heri3iHje 3epTTeseTiH YJTiHIH
KPHUCTAJIBI JKETUTYl Typajbl akmapat ajxyra 0onansl. MoHmapasiH OSTTIK aTOMIAPMEH TiKelel COKTHIFBICYBIHBIH
cayiiapsl OOJBIN TaObUIATHIH OCTTIK MIBIHHBIH IIAMACHIH TaJAayAaH OCTTIK KYPBUIBIMBI TYPAasibl, MBICAJIBI, OH/IA
KaiiTa KyYpbUIBICTAp, peJaKcalusyiap MEH ajcopOarrapislH OOJybl Typajbl aKmapaT aiyra OoJiajbl.
DKCIIEPUMEHTTEP PEHTICHIIK AU(PAKTOMETPAC, 3JICKTPOHIbI MHUKPOCKONTA KOHE KPHOTEHI KOHABIPFBIIA
KYPTi3imai.

Tyiiingi ce3mep: WOHIBI-IUIA3MAJBIK MANyJICHUE, KaHAIAAy ocepi, MOJIHOJCH-KaJMUM, apaiibIK
TUICHKAIApP, PSHTICHIIK TU(PAKTOMETP, HIEKTPOHIABIK MUKPOCKON, KPUOTCH I KOHIBIPFHI.

MATHETPOHHOE PACIIBIVIEHUE KAJIMUSA HA MOJINB/JIEH
Hypxanos Y.A', Yeennos B.M.!
YCKTY um. M. Koswibaesa, Ilemponaenosck, Kazaxcman

AHHOTaNUA
B paGore Obumm  paccMoTpeHbl coeamHeHuss Mo-Cd monmydeHHBIE MyTeM OCaXKISHUS B HOHHO-
IUTa3MEHHON yCTaHOBKE. J[JSI 3TOr0 HCIONB3YETCS METOJ IOJIYYCHHS TMOKPHITHA C HAHOKPHUCTAIHYECKOM
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CTPYKTYPOH C NPUMEHEHHEM HOHHO-IUTA3MEHHOT'O HAIBUICHHS METAJUIOB C IOCIEIYIOMIMM OCaXICHHUEM Ha
MOJIOKKY B BHUJIE OCTPOBKOBBIX INIEHOK. [TomydeHs! MPUHIMINATBHO HOBBIC TOKPHITHS HA OCHOBE MOJIHOACHA -
kaamust Mo-Cd. Bnepssie nosiyuen cuate3 Mo-Cd npu Temneparype He Bbie 100 © C u ObuT OCyIIECTBIIEH
UCIIONIb30BAaHUEM  TepMOQUIIOTMHAUMOHHOTO  3ddekra  mmaBneHus.  Jas  W3y4eHHsS  CTPYKTYpHI
MOHOKPHCTAJUITMYECKUX O00pa3loB C IIOMOIIBIO CIEKTPOCKONHMM oOpaTHOro paccesHus Pesepdopraa
ucronb3oBancs 3¢dext kaHanupoBaHus. Ha ocHOBe aHanu3a CIEKTPOB, MNOJYYCHHBIX IPH Pa3IMYHBIX
OpPHEHTAlMAX IIydka HOHOB [0 HANpaBiCHUSAM KaHAIUPOBAHHA  MOXKHO TIOJNIyYUTh HWH(MOPMALHUIO O
KPHUCTAJUTMYECKOM COBEPIICHCTBE HccieayemMoro oOpasua. M3 aHanm3a BEIMYMHBI TOBEPXHOCTHOTO IIHKa,
SBJISTFOLIIETOCST CIICIICTBHEM MPSIMOTO CTOJNKHOBCHHS HOHOB C TOBEPXHOCTHBIMH aTOMaMH, MOXKHO ITOIYYHTb
MHQOpMALMIO O CTPYKType IOBEPXHOCTH, HANpHMEp, O HAIMYMU Ha HEHl IepecTpoek, pelakcaluid u
azcop0aToB. DKCHEPUMEHTHI MPOBOIMINCH HA PEHTTCHOBCKOM IH(PPAKTOMETPE, NEKTPOHHOM MHKPOCKOIE H
KPUOTE€HHOW yCTaHOBKE.

KnaroueBble CJI0BAa:MOHHO-TNIA3MEHHOE TaIbUICHWE, 3(Q(EKT KaHAINPOBAaHWA, MOIHOICH-KaIMUH,
OCTPOBKOBBIE IUIEHKH, PEHTTEHOBCKUH MH(PPAKTOMETP, 3IEKTPOHHBIN MUKPOCKOII, KPHOTCHHAsI yCTAHOBKA.

Introduction

The constant growth of computer applications in all spheres of human life causes a great
interest of the world economy in the development of integrated circuit technology. The
development of such technologies is an extremely topical scientific and technological task, in
which a huge flow of investments is directed. The main task at the same time is to reduce the
cost of production along with the improvement of consumer characteristics, which include
speed and specific energy consumption.

It is known that small metal particles have significantly lower melting points than their
volumetric counterparts [1]. Therefore, it can reasonably be assumed that a decrease in the
size of small particles can also positively affect the lowering of the thermal threshold of the
molybdenum-cadmium formation reaction.

Method of research

lon-plasma sputtering of metals and their subsequent deposition on the substrate in the
form of islet films is the most widely used method of obtaining coatings with a
nanocrystalline structure. Island films refer to ultradispersed systems, the surface energy of
which is comparable with the volume component. In this connection, particles in an islet film,
whose dimensions are less than a certain critical one, may be on the verge separating the solid
and liquid state due to so-called thermofluctuation melting [2]. And, if the use of the effect of
thermofluctuation melting in the preparation of alloys is already being used [3], then there are
no facts of the use of nanoparticles in heterophasic synthesis of compounds, for example, Mo-
Cd-based metals.

Urgency of research. The relevance of this work is to obtain fundamentally new
coatings, based on Mo-Cd. In this paper, it is proposed to obtain samples with different
concentrations. | have studied the literature on this topics, and it can be concluded that the
study of this topic did not take place, due to the complexity of the experiment. The difficulty
lies in the various melting points, so it is not possible to obtain an alloy of these metals by the
traditional method.

The novelty. That is the first time, where it was introduced the synthesis of the Mo-Cd
at a temperature not exceeding 100°C and was carried out using the thermoflutuation melting
effect and the results of the investigation of the structure of the coatings are shown below. In
this regard, the formulation of research is timely and relevant, and the results - new.

Today scientists all over the world trying to create materials, which will be having such
characteristics as: superconductivity, small weight, toughness, etc. Molybdenum and
cadmium have absolutely different structures and properties, also they have different
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temperature of melting. Temperature of melting for Mo is 2890 K and for Cd is 594 K. So we
cannot combine them in traditional way, because the temperature of boiling for Cd is 1038 K
and its lower then temperature of melting for Mo. | want to arrange an experiment, where |
will combine this metals in ion-plasma set and asses its structure and characteristics. But for
the first of all, I want to introduce physico-chemical properties of Mo and Cd.

Cadmium is an element of the twelfth group, the fifth period of the periodic system of
chemical elements of Mendeleyev, with atomic number 48. Denoted by the symbol Cd (Latin
- Cadmium). A simple cadmium material under normal conditions is a mild malleable ductile
transition metal of silvery white color. Stable in dry air, in moist on its surface an oxide film
is formed, which prevents further oxidation of the metal.

Research result

Table 1 Properties of Cd and Mo

Property Cd Mo
Atomic mass 112,411 Da 95,96 Da
Atomic Radius 154 pm 139 pm
Melting temperature 594 K 2890
Boiling temperature 1038 K 4885
Lattice structure Hexagonal Cubic body-centered

Note - compiled by the author

X-ray diffraction analysis

X-ray structural analysis are methods for studying the structure of a substance by the
distribution in space and the intensities of the x-ray radiation scattered on the analyzed object.
(X-rays - electromagnetic ionizing radiation, occupying the spectral region between gamma
and ultraviolet radiation within the wavelengths from 10-12 to 10 cm). X-ray diffraction
analysis along with neutron diffraction and electron diffraction is a diffraction structural
method. It is based on the interaction of X-rays with the electrons of matter, as a result of
which X-ray diffraction occurs. X-ray diffraction is the scattering of X-rays by crystals (or
molecules of liquids and gases) in which secondary deflected beams of the same wavelength
appear as a result of the interaction of the primary X-rays with the electrons of matter from
the initial beam of rays. The direction and intensity of the secondary beams depend on the
structure of the scattering object. The diffraction pattern depends on the used wavelength of
the X-rays and the structure of the object. To study the atomic structure, it is used length
equal 1, i.e. the size of the atoms [4]. Waves X-ray diffraction analyzes metals, alloys,
minerals, inorganic and organic compounds, polymers, amorphous materials, liquids and
gases, molecules of proteins, nucleic acids and etc. This method is most successfully used to
establish the atomic structure of crystalline bodies. This is due to the fact that the crystals
have a strict periodicity of the structure and represent the nature-created diffraction grating for
X-rays.
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Figure 1 X-ray diffractometer [7]

Electron Microscopy (JEM-2100 (JEOL))

In an electron microscope, instead of light, an electron beam in a vacuum is used to
construct the image. The electromagnetic field which is created by electromagnetic coils
focusing electrons as «lenses». The image in an electron microscope is observed on a
fluorescent screen and photographed. Objects in electron microscopy are in a deep vacuum, so
they are subjected to fixation and special treatment.

In addition, they must be very thin, since the flow of electrons is strongly absorbed by
the object. In this connection, ultrathin sections with a thickness of 20-50 nm, placed on the
thinnest films, are used as objects. The resolution of microscopes is significantly higher than
light microscopes and reaches 1.5A (0.15 nm), which allows us to obtain more detailed
photography.

Conclusion

The effect of channeling is used to study the structure of single-crystal samples using
Rutherford backscattering spectroscopy. The effect is that when the ion beam is oriented
along the main directions of symmetry of single crystals, those ions that avoid direct collision
with surface atoms can penetrate deep into the crystal to a depth of up to hundreds of
nanometers, moving along channels formed by atomic rows [5]. Comparing the spectra
obtained by orienting the ion beam along the channeling directions and along directions
different from them, one can obtain information on the crystal perfection of the sample under
study. From the analysis of the magnitude of the so-called surface peak, which is a
consequence of the direct collision of ions with surface atoms, one can obtain information on
the structure of the surface, for example, on the presence of reconstructions, relaxations and
adsorbates on it.
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Figure 2 Dependence of intensity on energy of backscattered ions
(Horizontal — Energy of backscattered ions, Vertical — Intensity,
Note: compiled by author)

Schematic diagram of the spectrum of ions with a mass m; and primary energy Eo
scattered from a sample consisting of a substrate of atoms with a mass of m, and a film of
atoms with a mass mg of thickness d. For simplicity, both the film and the substrate are

considered amorphous to avoid structural effects [8-9].
Cryogenic Test

The installation for cryogenic testing of samples consists of a Gifford-McMahon
refrigeration machine, a cryogenic oil trap evacuation system and a measuring complex that
allows recording the temperature and time dependence of the resistance. Schematic device of

the installation for cryogenic testing of samples is shown in Figure 4.
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Figure 3 Scheme of cryogenic facility (Note: 1-case, 2-first cooler stage, 3-second cooler
stage, 4-meter assembly, 5-thermal screen of the first cooling stage, 6-thermal screen of the

second cooling stage, 7-nitrogen caisson, 8-terminals of the measuring assembly, 9- branch
pipe leading to the pumping system)

The pumping system used in the chiller is similar to the vacuum system for pumping a
magnetron installation for the synthesis of coatings.

The cooling system consists of a casing 1, a two-stage cooling system closed by thermal
shields 6, 5, and a measuring assembly 4 located at the end of the second stage of the cooler.
To measure the temperature at the measuring assembly, a TBO thermistor of 0.125 1 kQ is
used, which has an exponentially increasing resistance as the temperature decreases. The
thermistor was calibrated with a number of reference samples of superconductors calibrated at
the ISSP of the ChNC of the Russian Academy of Sciences (Chernogolovka, Russia) with
critical transitions to the superconducting state at T = 16.5 K, 13.8 K, and 10 K. The thermal
screen 5 of the first stage cooling is made of a copper sheet 0.4 mm thick, pasted with
polished aluminum foil. The heat shield 6 of the second cooling stage is made in the form of a
turning part made of copper with a wall thickness of 1.2 mm. The outer surface of the copper
screen of the second stage is polished to the 13th grade of cleanliness.

The vacuum system works in the following way: the fore-vacuum pump through the K8
valve pumps out the diffusion pump to the primary vacuum, after which the diffusion pump is
heated. When the operating temperature of the diffusion pump (160 ° C) is reached, by using
the bypass valve K7, the working chamber is pre-pumped to 2-3 Pa, which is controlled by
the lamps P1 and P2. After reaching the necessary vacuum in the working chamber, the valve
K7 is closed and the valve K4 opens. Achieving the necessary vacuum in the working
chamber is fixed by ionizing lamp P3 (PMI-2). Vacuum system provides pumping of the
working chamber to a basic vacuum of 3 * 10 Pa. System pumping can be done both in
manual and in automatic mode.
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Figure 4 Scheme of vacuum system [10] (Note: PK - Working chamber, H] - diffusion pump,

OH -

10.

forvacuum pump, @5 - forvacuum cylinder, 1-8 - valves for switching the vacuum
system, P1, P2, P4 - thermocouple sensors PMT-2, P3 - ionization sensor)
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