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FILMS PREPARED BY MAGNETRON SPUTTERING
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Currently, there are many types of high — temperature ceramic coatings based on two— and
three — component system. But now, highly entropy ceramic coatings consisting of five or more
components have been actively developing. The basis of this class of materials is entropy. The
statistical-mechanics definition of entropy was developed by Ludwig Boltzmann in the 1870s:
entropy is a thermodynamic property that can be used to determine the energy available for the
useful work in a thermodynamic process.

Here we show the new thin film ceramic system (Hf1/4Zrl/4Y1/4Cel/4) O2-6 which
exhibit superior thermal stability up to 1700°C. (Hf1/4Zr1/4Y 1/4Cel/4) O2-8 films were sputtered
using a round unbalanced magnetron equipped by Hf/Zr (50 at.%/50 at.%), Mg/AL (50 at.%/50
at.%) and Y/Ce (50 at.%/50 at.%) target. The base pressure p0O in the evacuated deposition
chamber was 8 x 10~* Pa. We sputtered the (Hf1/4Zr1/4Y1/4Cel/4) O2-§ films on Si (100) and
glass substrates under the following deposition conditions: discharge current Id = 1 — 2 A with the
corresponding voltage Ud = 200-500 V. Substrate temperature Ts = RT.

The structure of the films was characterized by X-ray diffraction (XRD) using a
diffractometer (X'Pert PRO; PAN analytical, ALMELLO, the Netherlands) in Bragg-Brentano
geometry using CuKa (40 kV, 40 mA) radiation. The elemental composition of films was
measured using a wavelength dispersive spectroscopy (WDS) by a scanning electron microscope
(SU-70, Hitachi) equipped with WDS detector (Magnaray, Thermo Scientific) using a primary
electron energy of 15 keV. The coating absorption coefficient was analyzed by spectrometer
(Avantes Fiber Optic Spectrometer AvaSpec-3648 with a grating having 300 lines mm-1). Also,
we performed measurements of the roughness on an atomic force microscope. The measurements
were carried out at three points on each sample. The hardness of the coatings was measured on
nanoindentation hardness tester. Thermal studies were carried out using an acetylene torch. The
samples were annealed for 30 seconds at a temperature of 1700 C°.

We shows relationships between sputtering parameters such as magnetron power density,
total pressure, gas mixture and properties of produced film. The most important thing in the work
is the analysis of the structures obtained. As a result of research, it was found that the resulting
three component systems HfZrOx and CeYOx have a monoclinic structure. The five component
systems HfZrCeYOx have a cubic structure. Based on the studies, a scheme of the resulting
gratings was constructed depending on the number of components in the compound. Optical
spectroscopy was used to determine defects and structure homogeneity, figure 1.

As can we see, samples HfZrCeYO (2/1) and (1/1) have monotonous lines. It is the result
of absence of characteristic absorption peaks. This peak shows the presence of defects in the
structure. And this in turn effects on homogeneous of the samples.
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The mechanical properties, namely hardness and roughness, were also studied. Hardness

was measured using a nanohardness tester, with a load of 25 mN, the number of measurement
points on one sample was 10. The average hardness was 18 GPa. Roughness was measured using
an atomic force microscope. Each coating had different roughness values.
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Figure 1 — Optical spectroscopy of coatings
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Below are the main conclusions in the work:

As a result of research, it was possible to synthesize material without the formation of
various binary compounds.

The coatings obtained have an amorphous structure, in contrast to binary systems (HfZrO),
which have a crystalline structure.

The most homogeneous structure has a coating obtained at a ratio of currents 1/1 and 2/1,
HfZr / C eY, respectively.

With the maximum concentration of cerium and yttrium in the system, the maximum value
of the peak displacement is 1.9 — 3 degrees.

The average hardness of the coatings obtained is 18 GPa.

As a result of thermal testing, a decrease in the thickness of the sample coatings after
annealing was revealed. Samples with a content of cerium and yttrium of 60 at% have the
minimum value of the mass change after annealing.
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BBenenue. OqHOM M3 BaXKHEHMIIUX 3a7ad COBPEMEHHOI'O MAaTEPHUAIOBEICHUS SIBISETCS
CO3JIaHHE MaTepUalioB JJIsl Pa0OTHl B AKCTPEMABHBIX YCIOBUSX NMPH BBICOKHX TEMIIEpaTypax U
HaNpsDKEHUSIX, IO BO3IEHCTBUEM arpEeCCUBHBIX CPEl U APYTUX (hakTopoB.

B pewmennn 53TuX 3ajgad  CyIIECTBEHHas pOJb INPHHAMJICKUT HCHOIb30BAHHIO
TYTOIUTABKUX METAIJIOB U MX COSAWHEHUH O0pUI0OB, KapOUI0B, HUTPUIOB U CUIHMIIUIOB, KOTOPEIE,
Hapsoy C BbBICOKOW TBEPAOCThIO M TYIOIUIABKOCTBIO, OOJIAAalOT KApOCTOWKOCTBIO U
XKapOIPOUYHOCTHIO, CreHUPUIECKUMU (PU3NYECKUMH M XUMHYECKMMHU cBoWcTBamMH. KapOuanble
COCJIMHEHHMST HWMEIOT JOCTaTOYHO OOTaTyl0 WCTOPUIO, OJHAKO, WX MOTEHIHAN OcTaércs
HEPACKPBITHIM U 10 CEU JIEHb.

Cpenu kapOMIOB TYTOIUIaBKMX METAIIOB BBICOKMMHM 3KCILTYyaTallMOHHBIMH CBOIMCTBaMH
obnagaer KapOuA LHMPKOHMS, YTO AENAeT €ro MOTEHIHMAIbHO NPUTOIHBIM IJISl PELICHUS MHOTHX
3aJlad COBPEMEHHOTO MaTepHalOBEJCHMS: B KaueCTBE KOMIIOHEHTOB M JIETHPYIOUINX J00aBOK
TBEPABIX CIUIABOB, Pa3HOIPOPMIBEHBIX KOMIO3UIMOHHBIX MAaTEPHAJIOB, AJIS 3AIIUTHBIX ITOKPHITHI,
MOBEPXHOCTHOI'O M OOBEMHOTO MOJU(PHLIMPOBAHMS METAIMYECKHX CIUIAaBOB M MaTEepHAalOB.
[IpumepoM 3TOMy MOXKET CIIY’KHTb WCCIIEJOBAHUS MOKPBITHMH M3 KapOuaa HMUPKOHHS, COTJIACHO
KOTOPOMY JepEBOPEIKYIIMH HUHCTPYMEHT, MOIU(PHUIIMPOBAHHBIA MOAOOHBIM crtocoboM, obiagaer
MOBBIILIEHHON YCTOMUMBOCTBIO K 00bEMHOMY n3Hocy Ha 30% [1]. brnaromapsi cBOoMM BBICOKMM
MOKa3aTeisiM HM3HOCOCTOMKOCTH KapOW/ LUPKOHHS BBI3bIBAET OOJBIIOW HMHTEPEC CO CTOPOHBI
HAYYHOTO COOOIIEeCTBa.

B kauecTBe oObekTa MCcleOBaHUS BBIOpaH KOMIIO3WUIMOHHBIM MaTepual Ha OCHOBE
kapOuna mupkonus ZrC ¢ nobasneHuemM rpaduTorogo0HoN Moaudukanu HUTpUaAa dopa.

Marepuanst u Metoauku. Mopdoisorust nmopomkos BN u ZrC, ucronabp3yeMbIX MpH
MIOJIyYEHUHN JAHHBIX KOMIIO3UIIMOHHBIX MAaTEpHaJoB, MpeicTaBieHa Ha pucyHke 1. Ilopomrox
KapOuaa HUPKOHHUS COCTOMT M3 MEJIKMX 4acTHIl pasmepoM oT 1 mo 7 mkm. llopomok HUTpHaa
0opa COCTOWT M3 MEJIKUX JacTull pazMepoM oT 1 mo 10 mxm. Ilepen mpou3BOACTBOM KOMITAKTOB
Ha anrmapaTe TOopsSYero MpeccoBaHHs ObLIO HEOOXOAMMO MOATOTOBUTH IIHUXTY U3 MMEIOIINXCS
nopotmKoB. [Ipon3BOICTBO MIMXTHl BKIIOYAET B ceOs B3BEIIMBAHME M CMEIIMBAHUE MTOPOLIKOB
HuTpraa Oopa u KapOuaa MUPKOHUS B HEOOXOAMMBIX cooTHomenusax 1, 3, 5, 10 u 15% 06. mo
TPHU TPEACTABUTENS KaXJ0ro cocrtaBa. CMeNMBAaHHUS COCTaBa MPOU3BOJMIOCH B IUIAHETAPHOU
MenbHUIe nepuoanyeckoro neiicteusi AI'O-2 ¢ wactoToit Bpamenus 1290 o6/mMun B TeueHue 3
MUHYT.

Kommo3uTsl momydeHsl METOIOM TOpPSYEero MpPEecCOBaHHA IO CXEeME OJHOOCHOTO
OJTHOCTOPOHHETO Harpy>keHHs B rpaduroBoii npecc ¢popme. TeMrepaTypa CleKaHUsI COCTAaBUIIA
okosio 2000 °C, maBneHume TpeccoBaHH COCTaBIUIO 8§ TOHH. CHHTE3 TPOBENECH B WHEPTHOM
aTMocdepe aprosa.
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