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A comprehensive thermographic study of Ge,;Sg, combinations with modifiers (Pb, Al,
Bi and Te) has been carried out. It has been shown that under heating, the modifier
interacts with the Ge,;Sg, alloy occurs forming new compounds, i.e. Ge,;Sgy-modifier
ones. The technological conditions of the production of non-uniform gradient thin-film
structures have been developed and the transmission and reflection spectra of those
structures have been investigated. The dispersion of the refractive indices of thin-film
gradient structures in the transparency region has been studied.

ITpoBesensl TepMorpaduuecKkre KOMIIEKCHBIE HcciaegoBanma cucreMbl Ge, Sg, ¢ moau-
duraropamu (Pb, Al, Bi u Te). ITokasaHo, 4To UpyM HArPEeBAHUU IPOUCXOTUT B3aUMOIECTBHUE
moguduraropos u cmaaBa Ge,pSg, ¢ o6pasopannemM HOBHIX coepmuenuit Ge,;Sgy-MoguduKa-
TOpLl. PaspaboTaHbl TeXHOJOTHUYECKUe YCJOBHUS IIOJYUEHHA HEOSHOPOAHLIX TI'PaZUeHTHBIX
TOHKOIIJIEHOUHLIX CTPYKTYP, MCCAETOBAHLI WX CIHEKTPHI MPOMYCKAaHWA W OTPaKeHUs. B o0-
JIaCTH TPO3PAUYHOCTH HCCAETOBAHA AWCIEPCHUsa IOKa3aTejel IPeJOMJICHUA IMOJYUEeHHBIX TOH-
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KOIINIEHOYHBIX TPaAWMEeHTHBIX CTPYKTYDP.

Introduction of modifiers into germa-
nium chalcogenides influences considerably
the optical and electro-physical properties
of thin-film gradient structures based on
the above materials [1]. Therefore, the search
for modifiers affecting efficiently the physi-
cal properties of chalogenide materials, the
investigations in interaction between the
chalcogenide material (matrix) and modifier,
in the influence of different nature modifi-
ers and their concentrations on the proper-
ties of chalcogenide materials, and in pro-
duction of thin-film gradient structures on
their basis remain topical.

The vitrification region in the binary
Ge-S system depends on the composition
and when the latter approaches the GeS,
and GeS ones, the vitrification possibility is
limited [2]. In addition, the vitrification re-
gion in the Ge-S system depends consider-
ably on the melt cooling regime, and the
hardness of tempering conditions defines
not only location of the vitrification region
boundaries, but also the general possibility
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of glass production. Only the use of the
hard tempering methods provides obtaining
the GeS,, GeS alloys in the vitreous state.
The Ge,gSgp alloy was chosen for studies,
being, according to the phase diagram [2],
at the crystalline/vitreous phase boundary.
It has been predicted that the use of the
GeyoSep alloy, depending of the conditions
of synthesis, alloy thermal treatment, intro-
duction of different nature modifiers, their
concentration, and technological conditions
of the thin-film gradient structure prepara-
tion, will provide the alloy of different
phase composition to be prepared.

In this work, the possibility of interac-
tion between the matrix (Ge,ySgy alloy) and
modifiers of various nature (i.e. bismuth,
lead, tellurium, and aluminum), their influ-
ence on the technological conditions of
preparation and on the properties of non-uni-
form gradient structures have been studied.
The GeygSgq alloy was synthesized in quartz
ampoules evacuated down to 1.5-1073 Pa re-
sidual pressure by fusing the calculated
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quantities of germanium and sulfur. The
GeySgp alloy melt was cooled down in air
and in cold water with electric oven being
turned off. To study the possible interaction
between the matrix and modifiers, ther-
mographic studies of the GeynSgy alloy
mixed with the modifiers using a Paulik-
Erdey-Paulik derivatograph were carried
out in three modes: initial heating from
room temperature up to 1273 K at
5 deg/min heating rate, cooling at
3-8 deg/min rate and the repeated heating
at 5 deg/min rate from room temperature
up to 1273 K. These studies have shown
that within the 633-793 K range, the ma-
trix (GeygSgg alloy) and modifiers (bismuth,
lead, tellurium and aluminum) interact with
formation of ternary compounds (GeyqSgq-
modifiers). This is evidenced by the pres-
ence of one or more exothermic interaction
effects and two endothermic effects of melt-
ing (Ge40860 alloy and Ge40860-modifier ter-
nary compound ) in the above temperature
range. Table 1 lists crystallization, melting
and interaction temperatures for the
GeySgp-modifier system.

We have studied the influence of various
modifiers on the technological conditions of
production and on the properties of non-
uniform thin-film Ge,pSgy alloy-based gra-
dient structures. A modified Vekshynsky

method (thermal evaporation in 3-107¢ Pa
vacuum) with two independent eccentrically
arranged evaporators was used to produce
gradient films on the basis of the Ge,Sgq
matrix and dopant (Bi, Pb, Te, Al compo-
nents). The matrix GeyySgy alloy was put
into the Knudsen diffusion cell made of mo-
lybdenum foil shaped as a parallelepiped
with effusion orifices for evaporation. Forma-
tion of the dopant atomic beams is provided
by the dopant evaporation from additional
evaporators. The gradient structure was
formed by simultaneous evaporation of the
GeypSgq alloy charge in the stationary regime
at the evaporator and dopant (Bi, Pb, Te, Al
temperature exceeding by 50-100 K their melting
points according to a preset rule of their distribu-
tion and film deposition time. In this case, the
gradient layer is formed with a uniform or preset
modifier distribution over the deposited conden-
sate thickness (0.5—0.25 pm). The condensate
was deposited onto glass substrates at the
0.05—0.25 pm/min condensation rate.

It is known [3] that a modifier intro-
duced into the Ge,S; matrix changes sub-
stantially the optical and electric properties
both during the glass synthesis and during
the gradient structure deposition. The stud-
ies of the modifier influence on the optical
properties of the Ge,;Sgy—(Bi, Pb, Te, Al) gra-
dient structures were carried out for the

Table 1. Temperatures and temperature ranges of interaction, crystallization, and melting for the

compounds studied

Compd. Temperature, K
Modifier melting Interaction Melting Crystallization
Ge,,Sg - - 872-885 855-853
GeypSgo—Pb 600.5-610 760-855 880-885 860-857
890-910 855-847
Ge,uS5,-Al 933-941 718-793 871-888 843-838
920-933 825-805 -

Ge,,S4,—Bi 543-553 703-805 853-873 815-805
Ge,,Sgg—Te 721-733 716-781 833-847 783-760

Table 2. Correlation between refractive index of the compounds and Al and Bi concentration

Composition Modifier conc., Wavelength, nm Refractive index |Film thickness, pm
per cent mass
Ge,(Sg - 750 3.48 1.77
Ge S + Al 0.75 750 3.27 1.78
Ge,(Sgp + Al 1.56 750 2.99 2.20
Ge S + Al 2.41 750 2.14 2.69
GeyuSgp + Bi - 700 2.06 2.21
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Fig. 1. Dispersion of refractive index n for
the Ge,(Sg, films.

films deposited onto glass substrates. The
modifiers were selected taking into account
the fact that those have both semiconductor
(Bi, Te) and metal (Pb, Al) properties. The
gradient structures obtained appeared to be
amorphous with high mechanical and chemi-
cal stability only at a limited concentration of
modifiers. Therefore, the optical properties
were studied in the concentration ranges of 0
to 11 mass % (Bi), 0 to 10 mass % (Pb), and
0 to 15 mass % (Te) (see Figs. 1, 2 and Table
2). Limitation of the modifier concentration
in the GeypSgy matrix could be explained by
the peculiarities of micro-non-uniform struec-
ture, tendency to possible composition devia-
tion from the Ge,Sgy stoichiometry and high
affinity and energy gain of the modifier and
matrix interaction reaction [4].

The increase of the modifier concentra-
tion in the GeyzSgg matrix is seen to result
in the refractive index reduction, perhaps
due to disordering of the crystalline lattice
frame of the Ge,zSgp matrix.

Thus, it is shown that under heating at
5 deg/min rate, the interaction of modifiers
with the GeypSgy alloy occurs producing
new compounds, i.e. the GeyySgy-modifier
compounds. The technological regimes of
the non-uniform gradient thin-film strue-
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Fig. 2. Dispersion of refractive index for the
GeyySeo(Te) gradient structures with Te con-
tent (per cent mass): 5.49 (1); 8.0 (2); 26.1 (3).

ture preparation have been developed and
the transmission and reflection spectra of
the structures have been studied. In the
transparency region, the dispersion of the
refractive indices of thin-film gradient
structures has been studied. It has been
shown that the enriching of the layers in
the modifier (Al, Bi, Pb, Te) causes the ab-
sorption edge shift towards longer wave-
lengths. The increase rate of the gradient
film absorption as a function of the inci-
dent light energy and the refractive index
are decreased. These facts are ascribed to
disordering of the crystalline lattice frame
of the Ge,uSgp matrix.
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Onep:xaHHA HEOTHOPITHUX TPATICHTHHUX CTPYKTYP
Ha ocHOBi cmaaBiB Ge,,Sgy 3 MmoaudikaTopamu

B.10.JIoa, A.B.Jlada, C.C.Kpa¢puux, I1.11.I1yz2a, I'./] .ITyza

ITposeneno repmorpadiumi kommuexcHi gocrimxenns cucremu Ge,,Sgy-MopudiraTopu
(Pb, Al, Bi i Te). ITokasano, 1o npu ix HarpiBaHHi OIpoxoauThk B3aeMmoaia moxudikaropis is
ciaBom Ge, Sg) 8 yrBopeHHEAM HOBHX cHONyE Ge, Sgo-moxmdikaropu. Pospobiero rexno-
JoriyHi yMOBM OZep:KaHHS HEOTHOPiTHMX TIpPaji€eHTHUX TOHKOIUIIBKOBUX CTPYKTYP Ta [JO-
ciaimxeno ixHI cmeKTpu mnponycKaHHs i BigbusBamus. B ob6macri mposopocri mpocaimsxeno
IHCIEePCil0 MOKA3HUKIE 3aJIOMJIEHHS OIEPIKAHNX TOHKOILIIBKOBUX IPAfi€HTHHUX CTPYKTYP.
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