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Abstract

The paper deals with reception of thin films of some the rare earth elements
(REE) sulfides, selenides and bismutides, alloying and study their optical, electro-
physical and mechanical properties. The work consists of an introduction, four
chapters and conclusions.

In the first chapter is a critical review of the scientific literature about
halkogenides and pniktides of REE. In particular, we are interested in some of the
REE of sulfides, bismutides and selenides composition-temperature conditions
diagrams, this volume materials and thin film objects electrophysical, optical,
mechanical properties, as well as data on the crystal structure. Review of the
scientific literature shows that REE halcogenides and pnictides a significant
interest as their application in practice, as well as for understanding in a new way
of many problems of solid state.

It should be noted that the technology and features of that materials
volumetric objects are relatively well studied, what we can not tell about thin film
objects, which are of particular interest for the microelectronics. It should be
noted that often properties of thin film materials significantly different from
properties of volumetric objects, so that they cause additional interest.

Known that REE's sesquisulfides have high resistivity and thus, it is
interesting the selection of dopant elements, which are, on the one hand, reduce
the resistivity, and, on the other hand, make them promising for use in
microelectronic devices with different purposes. Review of the literature shows
that technology of doping of some REE's sesquisulfides developed, but doped films
characterized by low stability to heating-cooling cycles. Therefore, also are actual
selection of dopant elements that ensure the sustainability of mentioned heating-
cooling cycles.

Recently, much attention is paid to study the mechanical properties of the
materials of the electronics for the future, but there is almost no such data in the
literature.

The second chapter briefly describes of thin films acceptable modern
technological, controlling and measurement equipment of physical properties and
measurement methods. Special attention is given to the preparaition of thin films
by vacuum-thermal evaporation. Detailed descriptions of vacuum thermal
evaporation method for tape making widespread varieties, such as of the tape
obtained from two independent sources of components and pre-synthesized
material discrete evaporation methods. This chapter provides requirements from
substrates and their clearing methods; measurement methods of film thickness;
research methods X-ray diffraction, elektronographycal, chemical composition,
electrophysical properties; discribtion of equipment for research optical spectra,
measurement methods and instrumentation for study of photoeleqtric properties of
the doped film.

The third chapter is dedicated to preparation of the films by different
method of vacuum-thermal evaporation, and own, to selection of the tape making



technological modes. In particular, is given the technological modes of preparation
of thin films of thulium sesqui- and monosulfide by discrete evaporation of pre-
synthesized material and of lanthanum bismutides films by vacuum-thermal
evaporation from two independent sources. It is also presented the technological
modes of obtain of thulium monoselenides thin films by vacuum-thermal
evaporation from two independent sources of components and by discrete
vacuum-thermal evaporation of pre-synthesized materials.

In the same chapter are presented results of research of the phase
composition and structural perfection of the preparation films by X-ray and
electron diffraction techniques. Their elemental composition was determined by
electron probe X-ray microanalysis. Influence of technological parameters of
preparation of films on a phase and chemical composition, on perfection of a
crystal lattice is in details investigated. Also are given questions of selection of the
stable alloying impurity and method of an alloying of sesquisulfide of thulium.

The fourth chapter deals to research the physical properties of obtained films
and discussion the results of research, in particular, some of electrophysical and
photoelectric properties of thulium sesquisulfide films doped by silica. It is shown
that the stability of silica doped films for heating-cooling cycles much higher than
the stability of lead-doped films.

Have been staded the influence of characteristics grain size on the substrate
temperature of thin films of thulium monosulfide, in particular, it is established
that the grain size reduced by reducing the substrate temperature, and vice versa.
In addition, it is shown that the lattice parameter is reduced by reducing the
characteristic element grain size. It is also determined that the temperature
coefficient of resistance of films is reduced by reducing the size of grain and the
Hall constant increases.

On the room temperature are measured thickness dependence of electrical
conductivity and the Hall mobility of thulium monoselenide films obtained by us.
It is shown that within certain limits the electrical conductivity is increased by
increasing the thickness of the film, and then reaches a constant value and does
not change. A similar picture observed for charge carriers - elektrons. It is
suggested that this is due to size effects.

At room temperature in 0.5-4 eV energy interval of photons are studied the
absorption spectrum of thulium monoselenide films. It is shown that the
absorption spectrum contains four different lines of energy. The analysis of the
received results is carried out.

The resistivity, Hall coefficient, and thermoelectric power of the
LasBi3, LayBis, LaBi, LaBi, films were measured as functions of temperature in
the range 95-500K, and also the Hall constant at the room temperature. By one-
zonal approach are calculated concentration of carriers of a charge and their
mobility. On a sign of a constant of the Hall and thermoelectric power it is possible
to conclude that the prepared films have electronic conductivity.

By full rubbing method is studied the relative mechanical strength of
thulium monosulpide and monoselenide, and lanthanum monobismutide thin



films prepareded on the substrate of silica, glass-ceramic, sapphire. It is shown that
the strength of the films obtained on the same substrate is grow in order: TmSe -
TmS - LaBi, while the mechanical durability of the films prepared on various
substrate - in sequence: silicon - glass-ceramic — sapphire. It is suggested that such
attitude is due by contrast the thermal expansion coefficients between of the
substrate material and the film.

On example of thulium monoselenide films it is shown, that the hardness of
films obtained by discrete evaporation method of pre-synthesized material is
higher than of films obtained by evaporation from two independent sources.

At the end of the work are presented the main findings and a list of cited
references.
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5oL,  (36mdoos FbmErm, ™I 53 M39bsL3bge  LobEHYdsdo  sOLYOMDIO
999990 99bsgmgd0: TmSe, Tm3Se,, Tm,Se;.

1.1.3 039-30L3mEHol IEyMIMGMBIOL EOIYMSTS

50 LobBYdsdo s9dweos Ce-Bi, La-Bi, s bsfowwrmdmog Gd-Bi s Dy-Bi
9 M356MH9Md0L O0sYMTO0.
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Gd-Bi [12] ULobGgdob 8amds®mgmdol  o0sy®msds  bsfomdmogss
dgbfogeoo (65b.8). LolGHgdoL 3 bsfowdo smBmbgboos Lbsdo dgbsgmoo:
Gd,Bi, Gd,Bi3 s GdBi. 99bsgmmo GdBi 3mbamy9bE s bgds 2000°C-by,
Gd4Biz 5 Gd;Bi 08¢0gd056 99Lsd530bo 1529°C s 1275°C. dgbsgdoo Gd,Bi
980°C-%g 13 5% 00LdYEHM6 Jdbols 93¢)9dBH03oUL.
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Bob. 8. Cd-Bi bob3gdol dymdsmgmdols GsHBIMHO OsYMTs

49659600 GdBi LobmgHBoMGdMw 0dbs [13] 659OMTTo. ol 3OOLESTIOS
NaCl-0l $030b 37936 dglgHdo, Jglitols ddogsmo a = 6,316A.

Tb-Bi Lol@gdol damds®gmdol osaGmsds dgbfogaromo 56  sGob.
3b™d00s, HMI 5GIYGdIMOL TbMmerm© Mo dgbsgdmo - TbBi s Tb,Biz [14, 15]

TbBi 360LEoe©gds NaCl $odol dglg®do, 35653g@Gom a = 6.280A [14].
Tb,Bi3 359B605 9630-Th3P, 3030l 399960 dgligHo 3s6509@6mom a = 9.321A.

Dy-Bi bob¢gdol 8gogmds®gmdol osa®sds dglogwrowos bsfommdmog
(65b 9). [12] BsdO™ATo 0-50 5% Bi dmoengdo [o®dmoddbgds memo dgbsgmomo
Dy3Bi, s DyBi. 30639wo 89bsghmo  §o6mdmoddbgds  3960@9dG03mwo
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Ho-Bi 90350m9md0l ©0s6Msds dgLffogerowo s6 s6ob. [13] bsddmdols
dobgz0m LobEYdsdo sOLYdMAL FbmemE 9Hmo dgbsgmomo HoBi. 3ol go5Bbos
NaCl ¢o3ol dglgeo, 37980g50m0 a = 6. 228A.

Er-Bi LobGgdob damdsmgmdol osa®msds dgbfiogaromo s6ss. Lolidgdsdo
LobmMyBoMYOME0s FBMEME gHMOo F9bsgMmo, MMIgeoa 3OOLEIWEgds NaCl
3030 991960, 35653gBHMom a = 6.2024A [13].
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0)0)do 00LINGHMIB Jdbol gho FgbsgMl NaCl Eodol LEHOYIEHmGom,
356599BHom a = 6.192A.

Wsbmsbo - doLIMEO LoLEGIs Yz9wsDY oML dglfogwrowo [16]
(bob. 10).

@obm9b-00LdE LobiEgdsdo §omdmoddbgds bmmo 0b@gMdgEswHo
Bogdoo: La,Bi LasBiz, La,Bis, LaBi @o LaBi;, 6H:™89@mssb dbmerm@ 9momo
La,Biz @bgds 3mbydmab@mwsp  1670°C-%y,
396039303010 ©:959430900m, 89909 3H9039Mo@MEmdDY: La,Bi - 1252°C-%y,
LasBi3 - 1350°C-%g, LaBi - 1615°C-%g, LaBi, - 932°C-%y.
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5930, 39Ol 356509GHG0m a = 6.57A [16]. LaBi,-l g55B605 G:@3dwo d9lgeo
356539BHMgdom a = 6.176 A, b =6.058 A, c =17.89 A [16].

1.2. 08305m30fs 9¢9396¢3900L Lmemgzogdol, bgergbowgdols s
doL3v)E0Jd0L IMEYMBONO JMOLEHIMIIOL S BoMYdOL FoMgds
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1.3. o»mewowgdols bmergogdol, gargbogdols s ersbmsbols
d0l39EH0gdol 3MOLEHIWMEOO BLEGWIEMOS

039-b LYY BOYdOL, BYEgboIdoLs s BOLINEHOWIOOL FOOLEIWIMHO
LAHOMJGHOS 153N 3905 sOOL TGLfogEroo. 4oMEs 0dols, MM 0d9-U
d9609Mmqd0l  3M0LGHIMOO0  BGHOMIGHMOOL  33e0g3s  FoMMO©AIBL
©59MmY3000909  Bodgaboghm  0bBHIMHGLL, ol Bodwmogdsl  g35deg3L
LEOMYMGBos 0gbsL Jglfogerowo Fqlsdsdolbo Fgbsg®mgdols gobozmeo
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0)odol  ama0MEmsb, LYgbmsb s  WbMsbol  BOLIEHb
496596000l Fgbobgd  3OOLEIMYMIBOMEo  Bmby399930  dmyz5600s
94390m» gbGowgddo 1-3.

OMamO3 3bOow 1-0sb FsbL, TmS goshbos NaCl GHodol 33960 dglgeo,
TmsS; 9965960 @b - Y5S; GHodol dgbgeo. Mog d9gqbgds Tm,S3, ob 300LEewgds
L5d IMEOR03S(30500: §, ¥ 5 0, MHMIGEMsQs6 & Fgglodsdgds Imbmzewobm®
LobaMbosl, ¥ @s 6 - 379dOL, dglsdsdolo ThiP, s Tl,03 LEGHOMIEGHMOWO
Godom. Jgbogeoml TmS, 4558605 ™G0  Lobymbos:  GHg@MoambscrmMo o
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00w9do 19egbmsb Jdbol Lsd Fgbsgeml (bMogro 2). TmSe sshbos
NaCl @odob 3999960 9d9ugeo, TmszSe, - GMIdM9OOMo dglgdo, boeom
Tm,Sez 300LGHOWEYds MG IMPOGOZS305d0 ¥ s &, MHMIgdoE 9qLsdsTgds
306 s MHMIdMYEMME Lobymboosl.

gbco 3-0o 9dmy3560e0s Wsbmsbols 009 BH0YdOL
36M0LEGHIwMmdodommo dmbs399900. sbmsbo doLdMEHML Jdbols 9999y b
d9bogeol: La,Bi, La,Bis, LasBiz, LaBi s LaBi,.

La,Bi, 36M0LGHowgds MH™Id  Lbobymbosdo, LayBiz - 3990médo.
LasBiz gosBbos 39dbogmbocrmMo dqlgéo, LaBi — NaCl ¢odob 30199960 dgLg®o.
LaBi; 360b@s@wvco dgbgemo Gemddwo bobymboolss.
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L& A g
B0gBEomO dgLol 3medogs, 109336039, 3/ld
bmeEa0©0 Lobymbos AMOMEo
XdJI3o b 5mdnd6
3030 a c B 3036mdgBewo ®96¢060wo
TmS 399060 Fm3m NaCl 5,417 - - - - -
TmsS, 9mbm3zwobmmo C2/m YsS, 12,628 | 3,361 11,642 | 104,82° - -
8 — Tm,S3 dmbmzwobm@o P2;/m 8 — Ho,S; | 17,363 | 3,960 | 10,039 | 98,79° - -
Y — Tm253 3@6@&)0 121‘3d Th3P4_ 8,225 - - -
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