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The possibility of obtaining strongly degenerate (> 4x10%° cm™®) SnTe thin films (d = 200 - 2000 nm) with p-
type conductivity by therma evaporation in vacuum of SnTe crystals doped with Sb, with subsequent
condensation onto as (0001) mica and sytal substrates, was established. The thickness dependences of electro-
physical properties of thin films were obtained. In this region of thickness there was growth of the carrier
mobility with thickness, which is attributable to manifestation of classical size effect and interpreted in the
framework of Fuchs-Sondheimer theory. These measurements show little correlation between the length of free
path of charge cattiers and the lateral diameter of surface objects.
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I ntr oduction

As is known, 1V-VI semiconductors are very wide
applied in many fields of science and technology [1]. Tin
telluride (SnTe) has proved itsdf as materia used in
thermoel ectric power converters (thermal generators) [2].
Efficient use of SnTe is possible at high concentrations
of charge carriers (p ~ 10%° cm™) which do not seem
possible to be obtained due to deviations from
stoichiometry. In this connection, SnTe is doped with
different impurities. Introduction of stibium and bismuth
into SnTe lattice allows achieving concentration values
up to ~ 10% - 10® em? [2]. Increase in thermoelectric
figure of merit of material which isin alow-dimensional
state was experimentally shown for superlattices based
on IV-VI compounds [3, 4]. With practical application of
thin films, it is important to take into account the
influence of size effects (classical and quantum) that can
change dradtically the kinetic properties of material [5].

For Bi doped PbTe films obtained by thermal
evaporation in vacuum of crystals of stoichiometric PbTe
with eectron concentration n ~ 10° cm?® there was
increase in the eéectric conductivity and mobility with
growth of film thickness, which was attributed to
manifestation of classical size effect (CISE) [6].

Few works are concerned with the investigation of
the thickness dependences of thermoel ectric properties of
SnTe films with a high degree of eectron gas
degeneracy. In [7] autors showed that Bi-doped SnTe
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films show a classical dependence of eectro-physical
(EP) properties on film thickness. The purpose of this
paper isto study in more detail the influence of thickness
d of Sb-doped SnTe films with a high degree of hole gas
degeneracy (p ~ 4-10° cm™) on their EP properties at
room temperature.

The length of free path and probability of eastic
scattering are the most important parameters of transport
process for free charge carriersin athin film. A number
of methods for ther determination, incuding
determination from the mobility-thickness characterigtic,
are well known. In this work, the specularity parameter
and length of free path of charge carriers in stibium
doped tin telluride thin films deposited on mica and sytal
from the mobility-thickness characteristics were
determined.

. Procedure

SnTe films with thicknesses d = 200 - 2000 nm were
obtained by the method of thermal evaporation in
vacuum (10°-10°® Pa) of SnTe crystals doped with 1 at.
% Sbh, with subsequent condensation onto (0001) mica
and sytal surfaces, maintained at temperature of 125 -
300 °C. The thickness d of the films was controlled with
the ad of micro-interferometer MII-4.  Surface
morphology and average roughness were studied by
means of atomic force microscope (AFM) Nanoscope 3a
Dimention 3000, the images were obtained in the air in
contact mode.
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Fig. 1. AFM-topography of films surface with thickness d nm: (a) 200 and (b) 2000.
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Fig. 2. Thetheoretical calculation and experimental mesurements of the dependence of the free carrier mobility u
in (&) micaand (b) sytal on the thickness of films deposited at temperaturein °C: 125 - o, 150 - o, 200 - A,
250 - e, 300 - 0.

The éectric conductivity ¢ and the Hall coefficient
Ry were measured by standard dc method with an error
not exceeding 5 %. As material for soldering of contacts,
use was made of indium. The Hall concentration of
charge carriers p was cal culated on the assumption of one
sort of carriers by the formula p = r/Ry-€, where the Hall
factor r = 1, e is eectron charge. The Hall mobility py
was calculated as py = Ry 6. The type of charge carriers
was determined by the sign of Ry,.

Dependences p on the thickness of films were
calculated in the framework Fuchs-Sondheimer theory
with the use of Excel.

1. Results

Measurements of Ry have shown that the films
possess p-type conductivity over the entire range of
studied thicknesses, just as SnTe<Sb> crystal which was
used as a charge for preparation of films. For the crystal
the following values of kinetic coefficients were
obtained: ¢ = 4600 (Ohm-cm)™, p = 4 10®° em®, | =
100 cm?(V-s). The hole conductivity type and high
values of carrier concentration result from the
introduction of stibium into SnTe lattice and agree with
the datareported in the literature [6].

Theresults of AFM investigation of the films surface
are given in Fig. 1. Asiis seen, the surface of the films
has asperities. The height of asperities was~ 50 nm, the
base width did not exceed 200 + 300 nm for films with
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thickness 200 nm and 20 = 50 nm for films with
thickness 2000 nm The average distance between the
asperities was equal the base width.

Smooth growth of p with thicknessin the area of d >
200 nm can be related to manifestation of classical size
effect. Taking into account high degree of eectron gas
degeneracy in the films, an attempt was made to describe
the results in the framework of Fuchs- Sondheimer
theory.

As a model, Fuchs-Sondheimer theory considers a
metal with a spherical Fermi surface and isotropic carrier
mean free path | independent of film thickness d.
Specularity parameter p is introduced which determines
the share of eectrons easticaly reflected from the
surface, equal for both surfaces, independent of d, the
trajectory and incidence angle of eectrons on the surface.
With fully diffused scattering p = O, and with fully
specular p = 1. In the approximation of thin films (d ~ 1)
the expression for p is of the form [26, 27]:

my

" 1+ 3(1 p) N
8 d
where ., isthe values of p in asample of infinitely large
thickness.

Using formula (1), the theoretical dependences (d)
were congtructed (Fig. 2) and the value (1 - p)l were
determined whereby the best agreement is observed
between the experimental data and the theoretical curve,
determined by the lowest value of mean-square

d~I (1)
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deviation.

It turned out that dependence (d) is best described
a (1 - p) ae 140 and 300nm for mica substrate
temperature 125 — 150 and 200 — 300 °C respectively.
Note that for films deposited on sytal these parameters
are 140 and 220 nm for the same temperatures. It can be
seen that the calculated values of (1 - p)l in ShTe<Sb>
films on sytal proved to be dightly lower films on mica

Conclusions

The method of thermal evaporation in vacuum of the
doped Sb of SnTe crystals was used to grow thin films
p-type conductivity of thicknesses d = 200-2000 nm on
mica and sytal substrates. By the method of atomic force

microscopy it was established that the surface has
asperities, grain structure is not manifested.
Increase in p with film thickness in the area d >

200nm was discovered, which is attributed to
manifestation of CISE. Interpretation of n(d)
dependences was given in the framework of Fuchs
Sondheimer theory.

It is established that the base widths of objects on
film surface with the lenghts free path of charge carriers
are correlated.
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SLIT. Cami

Kaacuunuii po3mipuuii edekT B TOHKHUX IUTiBKax SnTe
Jieropanoro Sp

Ipuxapnamcokuii nayionanenuil ynigepcumem im. Baccuns Cmeganuxa, syn. Llleeuenka 57, Ieano-@panxiscok,
Vpaina, saliyyarod av@gmail.com

BcraHoBIIeHa MOXUIMBICTS OTPUMAHHS CHIbHO AedexTrux (4x10%° em®) Tomkix mriBok (d = 200 - 2000 um)
SnTe 3 p- Ty NPOBIIHOCTI HUIIXOM TEPMIUHOrO BUIIAPOBYBAHHS B BaKyyMi KpucTaniB SnTe seropanoro Sb, 3
nofanslIor0 KoHaeHcamiero Ha mnoBepxHi (0001) cmromm i curam. OTpUMaHO TOBIIMHHY 3aJIeXKHICTB
eJIeKTpO(i3MYHUX BIACTHBOCTEH TOHKUX IUTIBOK. Y Ii# 00J1acTi TOBIIMHY CIIOCTEPIrajlocs 3pOCTaHHs PYXJIMBOCTI
HOCIIB 3 TOBIIMHO, II0 0OYMOBJICHO HPOSBOM KJIACUYHOI'O PO3MIpPHOro eekry i iHTepHpeTyeTbCs B paMKax
teopii Dykca-3onaxeiimep. Lli BuMipu nokaszanu ciaGKy KOpEIAIi0 MK JOBXKHHOIO BUIBHOrO IPOOIry HOCIiB
3apsity 1 J1aTepajbHUM JiaMeTPOM IOBEPXHEBHX 00’ €KTIB.

KurouoBi ci10Ba: Teaypus o0Ba, TOHKA IUTIBKA, TOBILMHA, PO3MIPHHUIT eeKT.
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