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XVI Mixnaponna koHgepeHuiss 3 Gi3uKu i TeXHOI0rii TOHKUX IUIIBOK Ta
HaHocucTeM (MpUcBsiYeHa maM’ ATi npodecopa JImurpa Ppeika). Mamepianu.
/ 3a 3ar. pea. mpod. [Ipoxonisa B.B. — IBano-®pankiBchbk : [Ipukapnarchkuit
HallloHaNbHUM yHiBepcuteT iMeH1 Bacuns Credanuka, 2017. — 388 c.

[IpencraBiieHO cydacHi pe3yJbTaTH TEOPETUYHUX 1 €KCIEPUMEHTaJIbHUX
JOCHIPKeHb 3 MUTaHb (PI3MKK 1 TEXHOJOTli TOHKUX IUIIBOK Ta HAHOCHCTEM
(MeTanM, HAMIBIPOBITHUKH, MICJICKTPUKH, MPOBIAHI TOIXIMEpPH; METOIH
OTpUMAaHHSI Ta JOCHIIHKEHHS; (PI3MKO-XIMIUHI BJIACTUBOCTI; HAHOTEXHOJOTI 1
HaHOMAaTepiajid, KBAHTOBO-PO3MIPHI CTPYKTYpH, HAHOEJIEKTPOHIKA, TOIIO.
Marepianu miaroToBiaeHO A0 Jpyky I[lporpamMHuM KomiTeTOM KOH(epeHiii i
MOJIAaHO B aBTOPCHKIN peaaKilii.

JIJisi HayKOBUX Ta 1H)KEHEPHUX MPALIBHUKIB, 10 3aiiMalOThCs podieMamMu
TOHKOIUTIBKOBOT'O MaTepiajo3HaBCTBA Ta MIKPOEJIEKTPOHIKHU.

PexomeH10BaHO /10 APYKY HAayKOBO-TEXHIYHOK pajioro Di3MKO-XIMIYHOTO
iHcTuTyTy ABH3 «llpukapnarcbkuil HalliOHaIbHUN yHIBEpcUTET iMeH1 Bacuis
Credannka»

XVI International Conference Physics and Technology of Thin Films and
Nanosystems (dedicated to memory Professor Dmytro Freik). Materials. / Ed.
by Prof. ProkopivV.V. — lvano-Frankivsk : Publisher Vasyl Stefanyk
Precarpathian National University, 2017. — 388 c.

The results of theoretical and experimental researches in directions of the
physics and technology of thin films and nanosystems (metals, semiconductors,
dielectrics, and polymers; and methods of their investigation; physic-chemical
properties of thin films, nanotechnology and nanomaterials, quantum-size
structures; thin-film devices of electronics, are presented. The materials
preformed for printing by Conference’ s Organizational Committee and Editorial
Board, are conveyed in authoring edition.

For scientists and reserchers on the field of thin-film material sciences and
nanoelectronics.

©JIBH3 «llpukapnaTcbkuii Hal[lOHaJIbHUMA
yHiBepcuTeT iMmeHi Bacuns Credanuka»,
2017

© Vasyl Stefanyk Precarpathian National
University, 2017
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M athematical Methods of Planning and Optimization Processes
Growing of Thin Films and NanostructuresA''BY' and A'VB"'
from the Vapor Phase

Lopjanko M.A.
Vasyl Stefanyk Precarpathian National University, Ivano-Frankivsk, Ukraine

It is known that semiconductors groups AlIBVI and AIVBVI have unique
features number that allows them to apply for production of photodetectors and
lasers with spectral range of 3-50 microns. Advances for reduce the size of
photonic devices closely related with the use of controlled growing of epitaxial
thin layers. Despite numerous studies of thin films and nanostructures
compounds of AlIBVI and AIVBVI, still not fully clarified the impact of
growing conditions on the electrical parameters of thin-layer material.

In this paper, using the method of mathematical planning of multifactor
experiments received the dependence of the electrical properties of thin layers
and nanostructures of PbTe from technological factors of growing from vapor
phase by the method of hot wall.

As substrate used fresh chips (111) of crystal BaF,. To describe the
dependence of the electrical parameters of thin layers from technology factors
were constructed global polynomial models in 3-factor hyperspace using
mathematical modeling. For factors which vary (k=3) were selected substrate
temperature (Ts), evaporator temperature (Ty) and chamber walls temperature
(Tc) technologically acceptable change range of which are respectively:

473K £ Ts£ 623K, 758 K £ Ty £ 878 K, 833K £ T £ 983 K.

Optimization parameters are: charge carrier mobility (m), concentration (n),
Seebeck coefficient (a), conductivity (s), thermoelectric power (a’s), and
value:

Z=1/ Hmax (O Nin) ™ + (078 )/(0°S ) max
which is a complex optimization parameter.

Choosing the latter option due to the need of researchers to obtain thin layers
with maximum values My, (aZS)max and minimum concentration Nyn.
Optimization was performed for summary values:

U = W/Ho, where po = 10%sm? x V™1 x s, n' = n/ng, where ny = 10*'sm’,

s = s/so, Where so = 10°0hm™ x sm?, o' = a/ag, Where ap = 10°B* x K™,

(a?s)" = (0°s)/(0®s)o, Where (0°S)o = 10°W x K?x sm™,

In describing the dependence of the electrical parameters from technological
factors identified models of a different order. Borders of adequacy model are
defined as the cube which inscribed in hypersphere of planning with radius R=a,
were a - magnitude shoulder of star.

The data presented in the table and shown in the form of hypersurfaces of
response.
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Table
Parameters Regression equation Values of factors
Charge carrier 389- 0.20% - 0.12¢ +0.22%, - 0.36x%; +0.23¢; -
mobility nt 0.76x - 031 - 044X
107- 0.15x - 0.31x, - 0.44x, +0.15%%, +0.23xx, + (T, - 548) K
Concentrationn¢ | . o - Do 0BG H015006 +0.23¢% TR
0.35%,%, - 0.06x" +0.19%
Seebeck coefficient 251- 0.44%, - 031
a¢ (T, - 818)K
2.97- 0.35x +0.18x, + 0.50x, + 0.16x, X, + 0.77%,%; + X, = 35—[{
Conductivity s¢ | 0.31x +0.24%;
Thermoelectric 1.90- 0.26% - 0.59%%, +0.43%,%, - 0.28x _(T.- 908)K
power (I “s)¢ X3 BTy
z 2.53- 0.35x,%, - 0.30%° - 0.23x; - 0.38x’
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Fig. Response hypersurfaces at a fixed value x3=0.
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