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IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX PYOpPHK: 29.19, 31.17

Tema gucepranii:
1. Po3citoBaHHS HOCIIB 3apsy y TOHKMX ITOJIIKPUCTAJIIYHUX IJIiBKaxX Ta IIPECOBAHMX MaTepiasiax Ha OCHOBI TEJNypULiB

CBHMHIIIO Ta OJIOBA.

2. Scattering of charge carriers in polycrystalline thin films and pressed materials based on lead and tin tellurides.

Pedepar:

1. TexHOJIOTiYHI 0COBIMBOCTI OCAIKEHHSI TOHKUX IIIIBOK Y1 OPMYBaHHS 00’€MHUX MaTepiaiB METOIOM
IIpeCyBaHHS [IOPOLIKY CIIPHUSIOTh CIIPSIMOBAHOMY YTBOPEHHIO YHCJIEHHUX MEX 3€pPeH Ta PO3BUHYTOI MOBEPXHi, sIKi
CIPUSIOTH €(PeKTMBHOMY PO3CiI0BaHHIO HOCIiB 3apsily Ta POHOHIB, 10 CIPUYMHIOE, Y CBOIO Y€Pry BUCOKI 3HaYeHHS
TEPMOEJIEKTPUYHUX [1apaMeTpiB. Ha OCHOBI KOMIIJIEKCY TEOPETUYHUX PO3PaXyHKIB Ta €KCIIEPUMEHTAJILHUX
IOCTiIKeHb 3p006JIeHO aHasli3 TPaHCIOPTY HOCIB 3apsaay y 6iHapHUX 00'eMHux maTepianax (PbTe, SnTe),
OTPMMAaHUX METOJIOM IIPECYBAaHHSI MTOPOIIKY Ta TOHKUX I1JIiBKaX, OCAIKEHMX BaKYYyMHUMU METOJaMU, a TAKOX IIPU
neryBaHHi 1ux cnonyk (PbTe:Bi(Sb)) un popmyBanHi TBepaux po3unHiB Ha ix ocHoBi (PbSnTe, PbTeSe). I3

BUKOPHMCTAHHSIM BapialliiHOTO IPUHLUIY BU3HAYE€HO BHECKU OKPEMUX MEXaHi3MiB pO3CilOBaHHS HOCIiB CTPyMY Y



KiHETUYHi SIBMIIA, OKPEMO BUIIJIEHO BIIUB [I0BEPXHEBUX €(PEKTiB Ta MEX 3epeH. OTPUMAHO ONTHMMAaJIbHI CKJIaU
[IPECOBAHUX TBEPAUX PO3UYUHIB Ta BMICT JOMILIOK i3 BUCOKMMU TEPMOEJEKTPUYHUMU [TapaMeTpamMu. BusHaueHo
TEXHOJIOTi4HI (aKTOopH, SIKi BIVIUBAIOTh Ha (POPMYBAHHSI 3€pEH Pi3HOrO PO3MIPY Ta BU3HAYAIOTh KOPEJISLIiI0 MK
[IOBEPXHEBUM PO3CiIOBaHHSIM Ta PO3CiIOBaHHSIM HOCIIB 3apsily Ha MeXax 3epeH. JI0CIiIpKeHO YMOBY, 32 SIKUX
IIOBEPXHEBE PO3CilOBaHHS CTa€ NOMIHYIOUMM Y MOPIBHSIHHI i3 KJIACUYHMMU Me€XaHi3MaMu, IpUTaMaHHUMU 00'€MHUM

marepiajsiaM (po3ciloBaHHS Ha (POHOHAX, BAKaHCIsX).

2. The technological features of the deposition of thin films or the formation of bulk materials by powder pressing
contribute to the directed formation of numerous grain boundaries such as a surface, which contribute to the
effective charge carriers and phonons scattering, which in turn causes the high values of thermoelectric
parameters. Based on a set of theoretical calculations and experimental studies, an analysis of the transport of
charge carriers in binary bulk materials (PbTe, SnTe) obtained by powder pressing and thin films deposited by
vacuum methods, as well as upon doping of these compounds (PbTe:Bi(Sb)) or the formation of solid solutions
based on them (PbSnTe, PbTeSe)is done. Based on the use of the variational principle, the contributions of
individual charge carriers scattering to kinetic phenomena are determined, and the surface effects and scattering
at grain boundaries are separately identified. The role of the effects associated with surface in the analysis of the
charge carriers scattering mechanisms and, consequently, their influence on the thermoelectric properties of thin
films are determined. The dominant influence of carriers scattering on intergranular boundaries (the Mayadas and
Shatzkes theory) is established, regardless of the grains size. The influence of the surface effects, which is
described by Fuchs and Sondheimer theory, becomes significant in decreasing of the thickness of films. In
particular, for PbTe:Bi, the surface of the film substantially affects on transport phenomena for thicknesses ~ 100
nm, that is, for thin films whose thickness is of an order of mean free of path. The obtained results allow setting the
technological regimes for optimization of the material parameters in order to obtain the maximum values of
thermoelectric figure of merit ZT. Technological factors are determined that influence to the formation of grains
of various sizes, which are responsible for the correlation between surface scattering and scattering of charge
carriers on the grain boundaries. The conditions under which surface scattering becomes dominant compared
with the classical mechanisms characteristic of bulk materials (scattering by phonons or vacancies) are studied.
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