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Abstract. In the framework of the density functional thedDFT) in the approximation of
local density adjusted for the strong correlatibbA+U method), calculated were the band
structure, total and partial densities of electrasiates, as well as the spatial distribution of
the electron density. According to the resultshef talculation, $ie; is an indirect-gap

semiconductor with the calculated band gﬁ@f"c = 2.05 eV, close to the experimentally

measuredEéth = 2.13 eV. The absorption edge and photocondigtspectra of Sire;

crystal within the temperature range 80...293 Kehlagen measured. It has been shown that
the dependence of the absorption coefficient onptheton energy is described by the
Urbach rule. The parameteg, associated with the constant of electron-phonteraction,
and the energy of effective phononsy, involved in formation of the absorption edge of
crystalline SiTe;, were determined using the temperature dependehdiee absorption
edge slope. Deviation from the stoichiometric cosifian in the direction of excess
tellurium significantly affects the spectral dibtition of the photoconductivity of Sie;

crystals.
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1. Introduction

Silicon sesquitelluride (ge;) is one of binary

and Md" ions inside, which opens the possibilities of
their practical use as energy storage materials If#]
addition, silicon sesquitelluride is a thermoeliectr

compounds, which is characterized by the preserice anaterial [5]. The increased interest in the stufi@igle;

natural defects caused by the peculiarities of ttigistal

is also reasoned by the fact that nanoplates [47]6,

chemistry. SiTe; crystals contain a large number of nanoribbons [4, 8], nanotapers, and nanowires [&lew

stoichiometric cationic vacancies (4167°), with two
non-equivalent positions of silicon atoms [1, 2]heT
existence of these vacancies and their presendbein
crystal do not depend on the method and conditidrits
growth. Thus, SiTe; belongs to a group of semi-
conductors with positional disordering [3]. It cesponds
to the situation where the number of positions ertain
types of atoms (in this case silicon) is greatemtlthe

recently synthesized by the chemical vapor demusiti
method (CVD process). These nanostructures are
promising materials for use in memory devices [ a
optoelectronics [10].

The nature of chemical bonds, physical and
physical-chemical properties of crystals are largel
defined by their composition, crystalline and ewerg
structure, as well as the charge of valence elestro

number of atoms themselves, and the distribution otlistribution. Despite the numerous studies of atlise

atoms by these positions has a partially (or cotaplp
random character.

structure [1, 2], electrical conductivity, Zeebe&effi-
cient [11-14], reflection and fundamental absomptio

The layered nature of the structure and the presencspectra [15, 16], photoconductivity [17, 18], photo

of a large number of natural cationic vacancieSiyie;
crystals favourably contribute to the intercalatiminLi*

luminescence [7, 18, 19] and vibrational spectf@ (&
Si,Te; crystals, the study of their band structure is not
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0-5il,@-Si2,@-Si3,0-Te.

Fig. 1. SbTe; crystal structure projections on (0001) @nd
(1010) () planes.

numerous [21, 22]. The first results of calculasi@med

at the SiTe; crystal electronic structure performed by the
density functional method in the local density
approximation (LDA) are given in [21]. In recentpaa
[22], the influence of the character of Si-Si dimer
location in the three-layer package Te-Si—Te ontoe
dimensional electronic structure of ,B&; has been
simulated.

initial mixture was placed in a horizontal tubutesistive
furnace and heated to a temperature of 850...960 &
rate of 0.1 to 0.2 K/h with the next ageing at this
temperature for 15...20 hours, whereupon the tester

in the furnace was raised up to 1200 K at a rate of
0.05...0.1 K/s. At this temperature, the melt wakl Hor

24 h to ensure the melt synthesis and homogenizatio
Then, the programmed temperature reduction was
switched on at the set rate 0.2 K/h, and polyclijiséa
ingot was obtained.

SibTe; single crystals were obtained by static
sublimation method. Crystals were grown in the same
ampoules where the synthesis of substance was
performed. To reach this aim, without opening the
ampoule, the synthesized product was moved by sgaki
to one end, whereupon the ampoule was placed into a
two-zone horizontal tubular electric furnace. Opmim
conditions for grown Sie; crystal by using the static
sublimation method were as follows: temperature of
evaporation zone T,,=1000K; temperature of
condensation zon&,,,= 900 K; duration of the growth
process 40...50 h. Temperature stabilization in the
process of crystal growth was no worse than +0.5 K.
Under these conditions, thin plates were grownha t
“cold” zone, the maximum dimensions of which reathe
10x10x1 mm. Crystals had natural mirror surfac€s)0
with their c axis perpendicular to the cleavage face.

Silicon sesquitelluride gie; crystallizes in the
trigonal structure, the symmetry of which is desed by

the space grouf*31c with the lattice parametera:= b
=7.43 A,c = 13.482 A [1]. Projections of the crystalline

structure on the planes (0001) ai®{0) are shown in
Figs. 1la and 1b, respectively. The,T® structure is
based on hexagonal dense packaging of telluriutsato
in a two-packet form, each containing two layers of
tellurium atoms, between which there are silicoomest

in the form of Si dumbbells formations. The layered
structure of SiTe; is generally similar to GaS and is
characterized by the statistical distribution oa&ms on

electronic structure, total and partial densitiésstates,
distribution of valence charge, as well as the \stfdthe
absorption edge and photoconductivity spectra gfegi
crystals grown using the static sublimation method.

2. Preparation and crystal structure of SjTe;

The easiest way to obtain the polycrystallingT&j is a
direct fusion of elementary components taken in th
stoichiometric ratio. As initial components, mono-
crystalline silicon and specially purified tellunuwere
used. The calculated components were loaded irde pr
cleaned by chemical-thermal treatment silica amgsof

e

layers of Te atoms skeleton forming the densest
hexagonal packaging. Each Si atom is tetrahedrally
coordinated by three Te atoms and one Si atom (Big.
The values of Si-Si (~2.3 A) distances provide viita
opportunity to assert formation of fragments in them
of dumbbells (dimers) Si-Si ($ilocated, thus, in the
centers of slightly distorted [Feoctahedra (Fig. 1a).

Unlike GaS, where all Ga—Ga (&adimers are
oriented parallelly to the trigonal axis, i, B&; only 1/4
of Si—Si (S}) dimers formed by Si atoms at the position
4e are oriented in parallel to axis (vertical Si-Si
dimers). The distances of Si—Si in these “vertichifiers
constitute 2.269 A nd six shortest Si-Te bonds in

160...180-mm length and the diameter of 18...20 mm[SizT€] octahedra, within which they are located at the
Ampoules with the substance were pumped to thdistances equal to 2.533 A. Te-Te distances indtitar

pressure of residual gases 133 Pa and sealed. $&=08u
the high pressure of telluric vapors at high terapees,
the synthesis of gie; substance was carried out in two
stages. In the first stage, the silica ampoule il

faces perpendicular to “vertical” Sdimers is 4.243 A,
the angles Te-Te—Te are equal to 60°. The remaBiihg
of Si-Si dimers formed by Si atoms in two different
positions 12 are located in planes that are approximately
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©-5i,0 -Te.
Fig. 2. Elementary cell of STe;. Fig. 3. Brillouin zone of hexagonal gies.
perpendicular toc axis with planes (with an angle of The last filled state is taken for zero energhe

inclination equal to approximately 18°) and areentéd ~ SixTe; crystal valence complex consists of 52 dispersion
by three different ways in such a manner that six Sbranches grouped into three bundles of bands in the
atoms on average form a six-member cycle. The hsngt energy intervals -12.88-10.81, -9.26.=5.63 and
of Si-Te bonds in containing these “horizontal” Si— -5.02...0 eV separated by forbidden gaps. The total
dimers in weakly distorted [Sies] octahedra constitute width of the occupied bands is 12.88 eV. The tophef
2.451 to 2.662 A. The distances Te—Te in triangislees  valence band is located in the center of the Rritlo
perpendicular to the “horizontal” Sidimers constitute zone, and the bottom of the conductivity band is
4.36...4.37 A, and the angles Te-Te-Te are ~60& Thiocalized at the point K. Thus, silicon sesquitétle is

shortest Te—Te interlayer distance is 4.016 A. the indirect-gap semiconductor with the calculated
Thus, the most important feature of ;%  energy gafE, = 2.05 eV.
crystalline structure is the statistical placemefit 8 Analysis of partial contributions to the total ditns

silicon atoms in two positions 12i and one — 4eeskh  of statesN(E) (Fig. 5) allows identifying the genetic
positions are filled with a deficit of 71 percebgcause origin of different subzones of the valence band tre
instead of 28 silicon atoms, only 8 are placechent. In  conductivity band of $Tes. The relationships between
the first position 12i 4 atoms are placed, in tbeosid 12i  the intensities of maxima in partial densities tites for
only 2 atoms and finally in the.posm_on 4lso 2. atoms  yarious types of symmetry are different. In the ttepf
are located. Therefore, both 12i positions are pecliby 6 \glence band of this compound in the total ideos
1/3 or 1/6, respectively, and position 4e is fillsl50%. g jectronic statesN(E), the contribution of § tellurium

As a resglt, Sl d|mer§ inside S—’T% structure are  gpate dominates, whereas in the upper part of élenge
separated into the "vertical” and “hpnzqntal” onashe band the contribution of 5states of Te atoms is
][."IJ‘IF'O 1f?i[h TrS'? elgrprent?ry gell Lakmg' 'nli(.) azccotlmts dominating. The lowest valence subband locatedinvith
1ing ot the >t and 1€ atoms Is shown in F1g. <. the energy range from -12.88 to —10.81 eV is mainly
) ) formed by S-states of tellurium. Despite the prevailing
3. Results and discussion nature of Te Sstates, the effects of hybridization of
3.1. Electronic structure and density of states silicon and tellurium atoms states are significmtthis
subband, leading to the appearance of silicon atoms
The electronic structure of Sie; crystal was calculated 3s-states contributions that are mostly localizedthet
within the framework of density functional theorg i pottom of this subband, and §j -, d-states — at its top.
LDA and LDA+U approximations [23] by using the The middle part of the valence bands in the energy
software package SIESTA [24]. The values of therange from —9.26 to —5.63 eV can be separatedfanio
parameters of direct Coulomb and exchange intem&ti  subgroups of relatively isolated subbands, each
constitutedU = 7 eV and) = 0.7 eV. The band structure containing two dispersion branches. The two lower
and state density of Sie; calculated by LDAY method  subgroups of four valence bands (-9.265.84 eV) are
without taking into account the spin-orbital intetian at  formed by the hybridized Sis3 3 - — Te S-states. The
all points of high symmetry and along all symmeitic next two upper subgroups have a mixed character
directions in irreducible parts of the Brillouin r®  with involving 5s- and 5 -states of Te ands3 and 3-
(Fig. 3) are shown in Figs. 4 and 5, respectively. states of Si.
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3.2. Electronic density distribution

To analyze the chemical bond in crystals, it isvement

to use the spatial distribution of charge (eledtrpn
density (r). As an example, Fig. 6 shows electron
density distribution maps in four different planés: the
plane passing along the links lines Te-Si-Te i ¢S8i]
tetrahedron (Fig.2); (b) and (c) in the plane
perpendicular to the four-layer packets Te-Si-Sj-Te
passing through the “horizontal” (b) and “verticét) Si
e e dimers; (d) in the plane of the tellurium monolayer

N The shape of contour maps of electronic density

Energy, eV
F

6
4
2
0
_2§
—
—

i5 ——— . clearly indicates that in its composition the cimitions
’ L ; of tellurium atoms occupy a noticeably greater prt
G A H K G L M A space than those of silicon atoms. The generalooost

(r) covering silicon and tellurium atoms in [SEBE
tetrahedra indicate the existence of a covalentpom@nt
of the chemical bond, formation of which is the
responsibility for Si 8- 3p- and Te 5- b5p-states
hybridization. Polarization of the charge densitythe
direction Si Te indicates the presence of an ion

i Total 1 component in addition to the covalent one. Thug, th
s A A /\/m /\ﬂff_X nature of the electron density distribution indésathe

Fig. 4. The electronic structure of Jie; calculated in LDAY
approximation.

—

S & 0O B oW

— mixed ion-covalent bond type in four-layer packages
] Te-Si-Te. A characteristic feature of chemical igdn
Si,Te; is the presence of common contoufs) between
three tellurium atoms in the tellurium monolayer
(Fig. 6d) belonging to a separate ,[R4;] octahedron,
which is not typical for other layered crystals
crystallizing in Cdj structure, for example Sng25].

Found in [14] strong anisotropy of electrical
properties of the $le; layered crystals becomes clear
from the density distribution map of valence eleot
carried out in a plane that intersects two foueflay
packages, as it is shown in Fig. 6¢. The electrdeitsity
Fig. 5. Full and local partial densities of electronictetaof  within the four-layer packets, reflecting the cheahi
Si;Te; crystal, calculated in the approximation of LDA+ bond of silicon atoms with the nearest neighbors

(tellurium atoms) in [SiTes] octahedral, is much higher
than at their boundaries. There are no common Igvgl

The most complicated is the upper subband of thdines for adjacent tellurium atoms belonging to two
occupied states (—5.0D eV) consisting of 32 dispersion different adjacent four-layer packets, indicatingveak
branches. The very top of this subband, locatedctlir = overlap of their wave functions. This spatial atrispy
near the top of the valence band (-1.60...0 eV),@miy  of electron density and energy distribution of &l 5 -
formed by P-states of tellurium with a slight admixture states of tellurium is the cause of quasi-two-dishemal
of 3 -, 3d-states of silicon. The lower part of this nature of silicon sesquitelluride.
subband (-5.02+1.60 eV) is formed by the hybridized
5p-states of tellurium andp3states of silicon. 3.3. Spectra of the fundamental absorption edge of

The electronic low-energy structure of unfilled sj,Te, crystal
electronic states in silicon sesquitelluride is mhai
formed by kneading free T, d- and Sis-, -, d-states, Spectral dependences of the absorption coefficant
with predominant contribution op-states inherent to crystalline SiTe;, measured at various temperatures
both atoms. Thus, the analysis of full and pad&sities  within the range 80...293 K, are shown in Fig. heT
of states indicates significant hybridization ssfand - absorption coefficient was calculated accordingttie
states of Si and Te atoms, which evidences fongtyo  standard method of two thicknesses [26]. Experialent
covalent nature of chemical bond Si-Te in,[%§] absorption edge spectra show two characteristiasare
coordination octahedron (structural unit oT®%), and  formation of which is caused by different mecharsisoh
the main role in the optical interband transitiaiuld  light interaction with SiTe; crystalline lattice. In the
be performed by the transfer of charge between e 5long-wave part of spectra, the absorption coefficieis
occupied states and Te + Si s, p free states in the weakly dependent on the photon energy, and various
conductivity band. samples have the values within the range 30...40"

R

DOS, states/eV
W

—
W
—TT

0.8
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Energy, eV
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7\ 7\

Fig. 6. Electronic density distribution maps in,B&; crystal: (a) in the plane passing along the litikes Te—Si—Te in [SiTsSi]
tetrahedron; (b) and (c) in the plane perpendicudahe four-layer packets Te-Si-Si-Te, passingudih the “horizontal” (b) and
“vertical” (c) dimers Sj; (d) in the plane of the tellurium monolayer.

This long-wave part of spectra, as a rule, is . _ s(hn- E,) _ h )
associated with the presence of static defectiseofdttice a(hnT) =aoexp KT =80 °€Xp '
with different nature (uncontrolled residual impigs,

pores, dislocations, cracletc) [27, 28]. where o,  are the coordinates of the convergence point
In the short-wave part of spectra (absorptionef the Urbach “bundle”; is a steepness parameter of the
coefficient takes values in the interval of 140 m™),  absorption edgeE, = kT/ is Urbach energy (energy
the spectral dependence of absorption edge isidedcr width of the absorption edgelf,— Boltzmann constant,
by the empirical Urbach rule [29, 30]: T — temperatureh — photon energy. Fig. 7 shows that
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Parameters of Urbach absorption edge and EPI for $Te; crystal.

B 298K | E,(293K) | o | E o | e | EB) | E) | BEO |
) (meV) (m7) QY] 1 (mev) | (K (meV) | (meV) eV) J
2.083 46.6 9.6x10| 2.510 | 0.61 38.8 381 26.3 54.4 2.270 15,2
a, cm’
7
10 E E*g, eV E,, meV
106é 2.25 J45
msé 220 140
I 35
10 2.15
E 430
1035 2.10
- 1 1 " 25
- 100 200 300
102F T,K
10 l l ] l ] l | Fig. 8. Temperature dependences of the optical pseudogap
1.9 2.0 2'}11\) 62\./2 23 24 25 E; (1) and Urbach energdy, (2) of Si,Te; crystal.

Fig. 7. Spectral dependence of the boundary absorptiadheof

Si,Te; crystal at various temperatures, K: &), (100 @), 150 . . .
(3§, 200 @), 250 6), and 293 ). The insert shows the The analysis of the absorption edge spectra (fig. 7

temperature dependence of the absorption edge. slope allowed us to determine the value of the effecgitienon
energy (frequency) = 38.8 meV (313 c). The
comparison of above mentioned value with the real

high-energy parts of the absorption edge Spectr(,}‘/alues of vibrational frequencies of,B&; crystal lattice

of crystalline SjTe; within the investigated tempe- aIIows.to find out what type of phonons is qulvnmb
rature range 80..293K form the characteristicformation of the absorption edge. The obtaineds
temperature “bundle” with coordinates of convergenc Value is close to the frequency of the longitudioplical
1=9.6:16 mtand ,=2.510 eV (Table). LO-phonon (335 cif) which appear in Fhe Raman
With increasing the temperature from 80 up to spectra of SiTe; [20]. Thus, the exponential shape of
293 K, the absorption edge is shifted to low ereswgi SkT€; absorption edge is determined not only by the
(Fig. 7), which reflects a decrease in the eneayydoyap. influence of charged impurities, but also by londinhal

The temperature dependence of absorption edge Eope optical LO-phonons.
described by the equation [31]: Due to the fact that indirect optical transitioms i

Si,Te; crystals are masked by long-wave Urbach
kT W, absorption “tails”, it is difficult to determine ¢htrue
" xth 2T (2)  value of the energy band gap [31]. In this casenofhe
0 energy band gap is taken as the value, which quorets
] . ) to the energy position of the absorption edge fikedl
where 4 is the parameter associated with the constant of . — 16 m Th ical d .
exciton(electron)-phonon interactiog by the relation absorption level =10° m™. The optical pseudogap,
0= (2137, - characteristic energy of phonons that (Fig. 8) determined in this manner is describediwithe
most effectively interact with electrons (excitan§r  Einstein model using the equation [33]:
the most crystals, s close to the energy of the most
high-energy LO-phonon [31]. Analysis of Toyazawa | . . 1
criterion [32] indicates that in Sie; crystals there is a  Ey(T) = E4(0) - Sykae
strong electron-phonon interaction (EPI) € 0.61 < 1).

S(T)=syx

explag/T)-1 " ®)
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Fig. 9. Photoconductivity 1-4) and absorption edge (5, 6) Fig. 10. Photoconductivity X, 2) and absorption edge3,(4)
spectra of Sile; single crystals at various temperatures, K: spectra of Sile; singlecrystals at = 293 K. @ — current
293 (1), 350 @), 410 @), and 440 4 (5 — current measure- measurementg, taken from [16]).

ments,6 taken from [16]).

where Ey(0) and S, are, respectively, the optical where (Ey)x and (Ey), are, respectively, the contri-

pseudogap at 0 K and dimensionless constaatjs the butions of structural (static) and temperature éigit)

. . disordering intoEy, they are considered as independent,
Einstein temperature that corresponds to the aE!er"’lgequivalent and additive. To separate contributiafis

frequency of phonon ez<cnat|orls of the system ofi-no different types of disordering intRy, the methodology
interacting oscillators.E; (0), S; and gg parameters proposed by the authors was used [31]. To perfdis) t
the known equation, well describing the temperature
dependence of the Urbach enegjywithin the Einstein

Eq. (3) are given in Table. model, was used [34, 35]:
Despite the fact that there is currently no single

universal interpretation of the Urbach rule, théseno 1

doubt that the exponential form of the Urbach ajpton (EU)= (EU )0 + (EU )1 , (5)
edge is caused by the influence of disordering gsses. exp(ge/T)- 1

In the case of crystals, it is a dynamic (tempeggtu

disorder, the source of which is EPI caused bycktt where (EU )O and (EU)l are constant values. The values
fluctuations, and static (structural) disorder ealby the
small scale violations of the periodic potential tbg
crystal lattice due to the presence of point charge . . ) .
defects in the crystal [34—36]. The contributioreath of by Eq. (4) are given in Table. Comparing the equi
these factors depends on the concentration of ebarg (4) and (5), we find the vaIueéEU)T = 20.3 meV
impurities in  material under investigation and its (43.6% fromE,) and (EU )x: 26.3 meV (56.4% from
temperature, which determines the concentration of ) atT =293 K.

equilibrium phonons. With the temperature decretise,
phonons freeze, but the tails of the absorptiorifictent
do not disappear. Their existence is related with t

heterogeneity of the crystal caused by the presehte A qther independent method of studying the band
proper point defects. In the case ofT8 crystals, thisis  girycture  is  the spectral  distribution  of  the
primaril_y a high concentration of stoichiometrictioaic photosensitivity of the crystal, which in generaflects
vacancies. _ the presence of two photo effects: proper and iiypur
The Urbach energyEy (Fig. 8) can serve as a gnes. In the first case, there is a band-to-bayeolai
measure of the absorption edge smearing, an@eneration of free carriers, in the second oneisit
accordingly, the measure of disorder degree [37]generation of free carriers of the same type,,
which, as indicated above, is determined bymonopolar generation related with impurity centers.
dynamic (temperature) and static (structural) dising  since SjTe;, crystals have significant integrated

obtained during the description E;(T) dependence by

of the parameters(EU)0 and (EU)l obtained during
describing the experimental temperature dependefges

3.4. Photoconductivity spectra of Jie; crystals

[34, 38]: photosensitivity (;/ = 1-1C°, where ; is the
electrical conductivity at illumination of £Qux) without
Ey = (Eu)x *+(Eu)r, (4)  special additional heat treatments, it allowed quening
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studies of their photoconductivity spectra. To nueas
photoconductivity, gold contacts were applied tourel
faces of crystalline samples, so that coplanar g&igm
was realized, that is, between the contacts there av
gap of 5-6 mm, through which illumination of thergae
was performed.

from the photoconductivity spectra given in Figthat
the energy gap value of $e; crystal equals
Ey=2.13 eV at room temperature.

It should be noted that even whenT®% crystals
are grown from a stoichiometric mixture, in the sam
ampoule, the crystals grow with a different frone th

Given that silicon sesquitelluride has a two-sidedabove-described photoconductivity spectrum (cdrve

homogeneity region [39], it is important to studyet
influence of deviation degree of the crystal conipms
from stoichiometric on the spectral photosensifivit
distribution. With this aim in mind, we have stutlithe
photoconductivity spectra of Sie; crystals grown from
both stoichiometric and tellurium-surplus mixtures.
Typical non-polarized photoconductivity spectra thé
first type of crystals measured within the tempet
range 293...440 K at a constant current and maetlilat

Fig. 10). As can be seen from Fig. 10, the photo-
sensitivity of these crystals manifests itself inviler
spectral range of 1.0...2.5 eV, and the photocondticti
spectrum is complex and contains a pronounced saten
peak at 2.02 eV, one feature in the form of anuinfl
at 2.12 eV at a high energy downturn of the maiakpe
and two features at 1.7 and 1.32 eV at a long-wave
downturn.

The authors of Refs [17, 18] give close in themnfo

illumination of the sample under study are shown inPhotoconductivity spectra of Sie; crystals, in which at

Fig. 9. As can be seen from Fig.9, in the photo-

conductivity spectra of gie; crystals grown from the
stoichiometric mixture, one wide band is observibe,
energy position of the maximum of which shifts tet
low-energy region with an increase of the tempeegtu
which reflects a decrease of the energy gap valoe.
identify the nature of the maximum in the photo-
conductivity spectrum, Fig. 9 also shows the altsmmp
edge spectra of the Ji; crystal, measured by us
(curveb) and taken from the Ref. [16] (curég It
follows from the comparison of photoconductivitydan
fundamental absorption spectra that the energytiposi
of the maximumh = 2.13 eV in the spectrum of
photoconductivity is located in the area of its g@o
absorption and meets value 2:1¢ m™ Thus, the
nature of this maximum is caused by generationaon

T = 93K there is an intense band with a maximum at
2.2 eV in the range of fundamental absorption,adufe

in the form of an inflection at 1.9 eV on the longve
decline of the main band and a wide long-wave band
with the maximum close to 1 eV.

The photoconductivity spectrum of non-
stoichiometric SiTe; crystals, grown from the original
mixture containing the excess of tellurium, is umgbéng
even greater changes (cueFig. 10). It can be seen
from Fig. 10 that impurity bands with the maximala#5
and 1.33eV are dominant in the photoconductivity
spectrum, while the intensity of its intrinsic miaxim
sharply decreases, and it manifests itself in trenfof
inflection at ~2.1 eV. Given that non-stoichiometri
Si,Te; crystals contain both silicon vacancies (by the
nature of the substance itself) and excess tefturiu
atoms, additional complex studies of stationary and

equilibrium carriers caused by optical band-to-bandyinetic characteristics of photoconductivity areessary
transitions (G K) from the top of valence band formed 5 establish the nature of impurity bands in the

by 5 -states of the tellurium lone pair to the bottom of photoconductivity spectra.

the conductivity band formed by kneading of free

-states of tellurium and silicon (Figs. 4 and 5).

This naturally raises the question, what is thecexa
way to determine the value of the energy gap from t
photoconductivity spectra of the ,$e; crystal? In the
study of homopolar semiconductor (Si, Gefc)
photoconductivity, the fundamental absorption edge
sharply pronounced, andy is determined beyond the
threshold of photoconductivity (Moss rule). Howevier

4. Conclusions

Calculations of the electronic structure, the todaid
partial densities of states, and the spatial distion of
the electron charge density of a,f%; crystal are
performed for an optimized structure by uskily initio
the density functional theory method in the LDA+
approximation. The calculation and analysis of tibial

the case of 3Te; crystals, the frequency dependence ofang partial densities of the electron states of NGE)

the absorption coefficient ( ) in the region of
fundamental absorption edge at 10° m™ (Fig. 7) is
not a root one, as in the case of direct opticaiditions
in ideal semiconductors. In this case, as showReh
[40], in wide-band crystals with the exponential

silicon sesquitelluride made it possible to deteamihe
genesis of the individual subbands and their band
structure as a whole.

It is shown that the dependence of the absorption
coefficient on the photon energy is described bg th

dependence of the long-wave absorption edge in wid®rbach rule. An estimation of the contribution of
range of the thickness of samples and velocities otructural and dynamic disorder to the smearinghef

surface recombination, the effective value of epayap
can be determined with great accuracy by the éffect
position of the intrinsic maximum in the spectrurh o
photoconductivity. Thus, if the energy of interband
transitions is estimated by the spectral positiérthe
intrinsic maximum of photoconductivity, then it kovs

absorption edge of a Sie; crystal has been performed.
The parameters of the Urbach absorption edge amd th
electron-phonon interaction have been determined.

The effect of deviation of the composition from the
stoichiometric one on the photoconductivity speatfa
layered SiTe; crystals has been studied.
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