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Abstract

This article examines to obtain some of the rare earth elements’ (REE)
antimonides’ and halkogenides’ thin films and research their optical,
electrophysical and mechanical properties. The work consists of an introduction,
four chapters and conclusions.

The first chapter provides a brief review of the scientific literature that
relates to our interest REE - phase diagrams units of the state, technology of obtain
volumetric and thin film's objects, crystal structure, electrophysical and optical
properties. From the review of the scientific literature shows that the REE's
sulfides, telurides and antimonides are promising materials for use as a practical
viewpoint, as well as a solid body with many challenges in terms of rethinking. In
REE's antimonides are interesting, and therefore attracts a lot of attention from
researchers to intermediate valence when f electron under certain conditions,
loses its stability. REE's intermediate valence can be achieved with two ways: with
existence different valence ions in the crystal lattice (unhomogeneous
intermediate valence) and continuous fluctuations of each ion of one f electrons
between localized and delocalized conditions the life expectancy is very low
(~10713 — 107 min) (homogeneous intermediate valence).

REE antimonides' many different unique physical properties are mainly
associated with homogeneous intermediate valence. The rare earth elements are
difficult fuses materials and obtain stoichiometric composition as volumetric as
well thin films facilities are rather difficult task, which is still not completely
overcome. This applies particularly on thin films which data about technology of
preparation are scarce or almost nonexistent. For microelectronic thin films are of
particular interest because in addition to the properties of thin films are often
different from the properties of three-dimensional objects, and they sometimes
have "unexpected" physical properties. The data about zonal structure a number of
sulfides, telurides and antimonides of REE is not available. Also limited scientific
information about the mechanical properties of these compounds.

The second chapter briefly describes equipments for obtain of thin films
technologycal, controlling and measurement of physical properties and
measurement methods. Much attention has been attached to the thin films
acceptable equipment by vacuum - thermal evaporation method, as well as
requirements imposed to substrate and their cleaning methods, because on them
are highly dependent the crystal lattice improvement and therefore physical
properties of obtainable films. The chapter describes the film thickness
measurement device, of films’ X-rey diffraction, electronografical, chemical
composition, research methods of electrophysical properties and devices for
learning optical range.

The third chapter contains detailed descriptions of the early vacuum -
thermal evaporation method that makes films varieties, such as the evaporation of
components from two independent sources and pre-synthesized compounds
discrete evaporation. Particular attention is paid to the stage of laying the tape:
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material evaporation, steam onto the vacuum, its condensation on the substrate
and formation of the film structure. This chapter also contains specific splicing to
get the results. The article discusses the chemical and phase composition,
crystallinity, structural perfection of technological regimes, the dependence of the
study. Given some of the results of the study obtained films by X-rey diffraction,
electronografical, X-ray microanalysis, Auger electron spectroscopy (Riber LAS-
200 spectrometer) was used to obtain composition depth profiles of the films.

The fourth chapter is entirely devoted to the experimental results and their
discussion. Especially is illustrated the study results of prazeodium diantimonides,
holmium and gadolinium triantimonides, gadolinium and terbium
monoantimonides' optical, electric and mechanical properties of thin films laid on
various substrates.

It is shown that the valency of antimony praseodium's monoantimonide
ribbons of color and, therefore, a great influence is made by the evaporation
temperature of antimony. In particular, by increasing, it has been found that the
ion valency of antimony is reduced, that makes significant influence on the optical
properties of the films.

It is shown that gadoliniums monoantimonide films are closed with their
electrical parameters to semi-metals, and holmium and gadolinium triantimonides
tape - with metal. At room temperature in the photons energy range 0.05 -5.5 eV
was studied reflection and absorption spectra of thin films of GdSb. It is calculated
the spectral dependence of the absorption and refractive coefficient. It is shown
that there is a better reflection of the long-wavelength range of the minimum and
reflective strips. Absorption spectrum - in three areas: area of high transparency,
increase the absorption of 0.25 eV and the structure of the district - on. Analysis
concluded that the reflectance spectrum of a sharp increase in wages and the long-
wave absorption coefficient can be attributed to the charge carriers in the plasma
oscillations.

Energy photons at room temperature 0.06 - 6 eV is measured 7bS tape
reflection and transparency spectra and absorption spectrum frequency
dependence graphical analysis is conducted, based on which it is shown that the
increase is due to the short-wave absorption spectrum indirect electron transitions.

In the temperature range 100-500 K, is measured resistivity, Hall constant
and thermoelectric power - temperature dependence. According to Hall constant
measurements TBS tapes has the same conductance as n-type and thermopower -
in accordance with the size - p-type. Possible reasons for these differences are
based on analogy with other materials.

By the complete rubbing method is PrSb,, GdSb, HosSbs GdsSb; and
ThS relative mechanical strength. It is shown that the substrate material is
significantly influenced by the relative strength of the mechanical tape. It is
believed that the thermal expansion coefficients of the substrate material and the
relative affinity laying film leads to an increase of mechanical strength.

At the end of the list are some of the main conclusions of the work and cited
literature.
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dobgzom ThS xcxoMgdo n GHodolL god@sMmgdEMdolsy, bowwm mgMdm 9dd-U
2obdMdz900lL  dobgz00m - p GHO30L. Imyzsbowos  Slgmo  goblibgsgqdols
d9Lsderm  dobgbo.

7) Lo gobgbgol  dgomoom  dgLfogeroos  PrSby, GdASD,
GdsSbs, HosSbs ©> TbS - gsdmdomo  d9dsbogmeo  LodEH3039.
6oB3969000, M3  go8mygbgdmwo  Bwdgdmol dsbogws Tguodhbgg A93egbsL
bl goMgdol GoMmdom 39dsbozm® Lod@3039P9.
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3336900
Boddmddo  IguermegdmEo Lodmdomb 09092000  890dqds
B93M3545¢r0dmo 999930 d0M0mMOEO ©sli33bgd0l Labood:

1) 30639wo@ 53353999 wos  PrSb,,  GdSbh, GdsSbs, HosSbs,
obgwo  goMgdol  domgdol  BHgdbmwmaos  3033mbgbBHgdol ™Mo
©53M)30009IGI0 09560 353998v)6-00963 )0 SMOHMJgdols
d900m©om s ThS mbgwo goMgdol dmdBsgdol GHgdbmermyos Fobslfsm
LobmgHBocMmgdo dsbogols ©oL3OIGMWO 3534918~ gMHTNO
SmOMJgdol  dgomEom  bbgossbbgs 13mdgdcmggdHy  (dmbm3z®molGswmMo
Loo0mdo, BLo@swo, golzmbogo®mbo, 335GE0 © LBMBROOL FsMOWO).

2) B5BHo69005 dmdbsgdMEo oMmgdol M9bEHYbMm©onMmsz0wmwo
@S 99dEHOMbMaMoz0mwo  sbserobo, bsB39bgd0s, MmA  PrSb, go®mgdl
ooBbosmy  SmSb,  BHodol  GMIdMwo  Igbgdo, 3965993HMgd00:
a=6244 b=606A ©> c=1791A, GdSh @go6gdL - NaCl odob
30MG0  3gbgMo,  3o6dgBHeom - a = 6.25 A, GdsSh; s HosSh; 5oMgdl
- MnsSh; 3Hodol 39dLogmbocyy®o  dgbgho  dglsdsdolo  35689EMm9d00:
a=8,954, c=632A ©> a=885A, c=624A 5 ThS gomgdl - NaCl
3030l 3G d9bgco, dguMOL 3s6sdg@HGom a = 5.52 A.

3) ©96@a96mo  303OMBMbmMo  bsobom  bsB3z9bgd0s,  Bnd
dmdbsgdMEo  BomgdoL  999500396Mds  sbEomliss LEgJomdgEHMorEmab:
PrSb; - ob go®mgdo 89035396 33,1 5¢% Pr s 66,9 5% Sb, GdSb - ob
806900 - 50.1 5% Gd ©s 49.9 5% Sb, GdsSbs - ob goGgdo - 62,5 s@% Gd
s 37,5 5% Sb, HosSbs - ob goMgd0 - 62,6 5% Ho s 37,4 5@&% Sb,
ThS- ol go®mgdo - 50.1 & % Th s 49.9 5¢ % S.

4) 9gbfogeoos  GdSh, GdsSb; ©s> TbhS goMgdol Bgsdomby
09950039690  3033mbgb3HJOOL  gobsfioergds, MMdgedss sb39bs, GMI obobo
390650 gdmEos Bs305Mm© MobsdMS.

5) 9gbfogemoos  PrSb, - ob obgwo go®qdol 39839MH0mdols
d9L50500bo  Pr - o 0mbols  35¢gBbEHMBOL  TMIOIOICGds  BoMGdOL
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doqdol  #H9dbmemyon® 0950090bg. ©I©AI60W0s, GMI FMdgdMolLs S
Pr - ob 585060 Jwgdeol  3gd3gMo@mes  393egbsl 6 sbgbl Pr - ob
0mbol  35gbGHMG  dEYMToMMdsHY,  35dob  GmEglsg  Sb - ob
53506OHMJgdol  $H9gd3gMo@GMol  gobMs  ofigg3l Pr - ob ombols
35¢09bGH™Md0L Jgd306M9dsL s 30M0Joom.

6) mmobol  3Hgddgho@msby  BmEGMbdol  9bgMA0sms mdsbdo
0.05-55 g3  a3Bmdowos PrSbh, obgwo GFoMgdol  9M933¢0Ls o
doobmddol  13gdBHMgdo.  BoB39bgd0s, MMA  PrSb, ombol 3s¢gb@modol
33owgds +2.8 - b +2.5 - 9y s 99damd +2.3 - 8y  I9glodhbgg
393 gbsl 5b9bL BoMGOOL M3EH03MO M30L9d9dbY.

7) mmsbol  3H9339moG by BMEGHMbgdol  gbgdyosms 5630
0.05 =55 93 d9LbPogwowos  GdSh  mbgwo 5oMgdol 56MH933wols
dobngddol  b3gdBH®m9do. 29964500890 w0s  FoMmoGIHoLy s Tmsbomddol
3093303096@900L  L3gdBHMo GO ©59M 300090 9d900. 569330l
139dBHODg 990Rbg3zs 39O PodMbIGHMEO FMIJWEIXM3560 Fobodwmdo
S 969330l bmwo. dmsbmddol B3gd@BHOBg 30 F9odegds godmogml bsdo
Mdsbo: 50oo 298330035 MdOL, LEHMMIBHGMS 0.25 93 -Bg S Jsbmddol
93300000 BeMEOL Mdsbo.

390Mmmddmeos  35Msm©o, Mmmd 93390600 dobodmdo  v6933eoL
139dBH®do s TgLdsFoLO FMIBMJTOL  3M9RBO(3096GHOL  {MHAGEE I OM3560
39BOs  990dwgds 3093m3bml  FMbBHoL  A9sdB9Bgdol 3D INH
6bH93900.

8)GdSb - ol obgwr  gomgdbg 95—-700 K  3993905¢ O
0b6@96m35¢do 2oBm3oos  3Mmmco  fobspmds, 3mol  9M©dozs o
096OHIM 999 -b E33M30EIOINGdS 3H9I3GMOBIMSDY O  RIMZEPOE0S
dmbGHol  F9@IMPIadoL - gEgd@BHOM™mbgdols 3mb639bGHMogools o
d365@Md0L  ©sdM30JOMEgds  BHYI3gMGMEMsDY. 35300090 0s ©OL33bs,
G0d GdSh - ob 300930 HoMIMoa969b bobgzsmommbydl.
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9) 95 —-700 K &99396053m6Omcm  06@gM3sedo  25bmdowos GdsShs
©5 HosSb3-0l obgwo go®qdol  3Mmeéo fobsmmdol, 3meol d99dogsl
@S m9MIm 93d- ITM30YIMGds  FgI3gMGHIMSDY. b5B39bgd0s, H™I
dmbGHOL 4905939690l FoMTMoa9b9b 9w 9d@®Mbgdo. F5m3w0E0s FMbEOL
35BoMg0gdol  3mb3gbG®Ms300Ls o d3MOEMOOL  ITMIOIOICGDS
}9939653M5DY. 300900 356599@H 900l LOOYJOO QO
A99396M5GH M5B9 ©99M300090gdol  bolosmo  393HY39wgdls 53  dslserol
woMbME 36q05%g.

10) mmobols 39d396ed sty gm@mbgdol gbgGaosms «9ds6do 0.06 —
6 93 3obBMIoEos ThS goMgdol 9M933¢0Ls o  353F306035¢MmdOL
139dBHM9gd0.  Jsbmddol  B3gd@BH®olL  LobdoMgbg ITMI0YOMEGOOL
30583030 9Bswobol  Loxywmdzguwbg  b5B39bgd0s, G Jmsbomddol
139JGH®oL  IM3WgBHowmzsbo  BOS  @odmfizgwos  gargdGHemmbgdol
5653003000  250LZII0M.

11) 100 — 500 K A993965¢ MO 9owgdo  dsbmdowos ThS
1306900l 3990060 (obsemdol,  3meool  dmEdogzell @ mgMdm  9dd-b
H9939M5GHMM5BY  ©99M30IdMgds. 65B396gd0s, Mmd 3meol  dwdogzsls
2o1MIz900L dobgzom ThS xoMgdo 1 GHodol sd@MIOMdOLsS, bmerm
09MHdm  9dd-l AsHBMIz9d0L  dobgzom — p  GHo30L. Imygzsbowos  Slgmo
3obLbgs3900lL  Jgbsderm  dobgbo.

12) bOHMo  Asbgbgzol  Fgomoom  dglfogeroeos  PrSb,, GdSb,
GdsSb;, HosSby; @5 ThS @o®adoL go®mdomo d9dsbozm®o Lod@E3ois9.
65B3960000, M3  godmygbgdmwo  BwdgdMol dsbogrs Tguodhbgg A93egbsL
5bgbl BoM9doL BsMMdom d9dsbozM® LodEH3039%Y.
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