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Abstract. The density-of-states effective masses versus composition are calculated. The
comparison between density-of-states effective mass and reverse mobility show that the variation
of the mobility should be governed by the change in the effective mass.

Among the IV=VI compound family, GeTe is a unique example of a non-stoichiometric,
displacive ferroelectric or antiferroelectric narrow-gap semiconductor with three different
crystal modifications: the high-temperature phaseseTe) possesses a face-centred-cubic
lattice (NaCl-type), but the low-temperature forms are rhombohedr&@lgTe) at a Te content

of less than 50.4% or orthorombig{GeTe) at a Te content of more than 50.4%. GeTe is
always p-type as the homogeneity region is shifted to the Te-rich side of its phase diagram
[1]. Itis well known that GeTe and solid solutions (SSs) based on it are the most essential
p-type thermoelectric materials working at high temperatureg00 K) [2-4]. The best
thermoelectrics possess a large density-of-states effective mass [4]. The concentration and
temperature dependences of the effective mass of the density-of-sigjemn@ conductivity

(m.) of GeTe and some SSs based on it are investigated [5—7]. The concentration dependence
of m, obeys the Kane’s model [6], but the concentration dependenag déviates from the
theoretical curve calculated using this model [7].

The large difference between the valuesimgf andm, (the ratiom,/m. is about 10) is
connected with the complicated form of GeTe Fermi surfaces [5, 8].

According to the phase diagram in the system GeTe—AgB#lgove 773 K a continuous
series of SSs exists. At lower temperatures the solubility is limited by the decomposition of
AgBiTe, and SSs based onit. The solubility is not greater than about 30% Ag&iB360 K [9].

The GeTe-rich SSs GeTe—AgBiykeep the crystal structure of Ge-rich GeTe, but the phase
transition temperature decreases upon increase of the AgBorgent, and from 700 K for
Ge-rich GeTe reaches about 300 K for a composition containi2@f6 AgBiTe, [10]. For the
synthesis of the alloys, the stoichiometric GeTe is used (50% Ge and 50% Te). Stoichiometric
GeTe contains Ge as a second phase, and the region of homogeneity of this compound is shifted
to the Te-rich side of the Ge—Te phase diagram (the region of homogenity of the rhombohedral
phase at 573 K is from 50.40% to about 50.44% Te) [1]. The real composition of GeTe-rich
and GeTe—AgBiTeSSs can be written as

(Ger_sVy)Te and {[Geu—v)/ @AY/ 14x) Bixyasn]1-s V5 Te
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wheres is the number of cation vacancie§.Vlhe latter are most probably doubly ionized [1],

i.e. are negatively charged. The respective acceptor levels are situated in the valence band. The
mechanism of ‘self-alloying’ (\ze — Vé‘e +2p) accounts for p-type conductivity of the GeTe

and respectively GeTe-rich SSs. Téwalue was estimated by comparison of the densities
calculated on the basis of x-ray diffraction results and those measured by picnometry. For GeTe
8 = 0.029. At concentrations of AgBiTebelow that of the vacancy concentration in GeTe,

the impurity atoms fill the vacancies and the lattice perfection is improved. At higher AgBiTe
concentrations the number of vacancies in GeTe-rich SSs increases lvgthg in the range
0.033-0.042 [11]. As these SSs possess very high values of the Seebeck coefficient (over
2001V K~ at 500-700 K) [12] it may be expected that they will have good thermoelectric
properties. Itis therefore interesting to know its density-of-states effective masses, which have
not been studied yet.

The aim of the present letter is to find the density-of-states effective mass dependence on
alloy composition in the G x < 0.333 range. As the investigated SSs based on GeTe are
narrow-gap semiconductors, the band-edge, density-of-states effective masses were calculated
from the experimental data of the thermoelectric poWemnd the carrier concentratignat
300 K using the Kane model for IV-=VI compounds [13]
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where” L (F*; B) are the modified two parameter Fermi integrals [14],= F/koT and
B = KoT/E, are the reduced Fermi energy and non-parabolicity factor, respectively; and
is the direct energy gap. The Fermi energy is calculated from (2) and the band-edge, density-
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Figure 1. The density-of-states effective masses versus composition in the range
0< x(1—x) < 0.222at 300 K.
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of-states effective mass from (1). As only the single valence valley inthlease is occupied
by carriers, the band-edge density-of-states effective mass refers only to that valley.

1.0

TTTT

0.8

—_——n— .

0.6

0.4

Amd*/mdo*’i\#_l/#o_l

1 L. ANLJL, N 0

0.2

08 oo e oo en e by e doca s aa g

00 0.05 0.10 0.15 0.20 0.25
x(1-x)

Figure 2. Relative change of the density-of-states effective maas,/m, (dashed line) and
reverse mobilityAn=1/u;t (solid line) versus (1 — x).

The substitution of Ge atoms in cation sublattice by Ag and Bi atoms leads to a rapid
decrease inn; at 0 < x < 0.076. At Q076 < x < 0.148, m} decreases slowly but at
0.148 < x < 0.333 it increases slowly with increasing(figure 1). This may be connected
with the composition changes at the energy gap in rhombohedral SSs at 300 K [12]. According
to theory, upon the formation of SSs by substitution a decrease of the effective mass is expected
[15]. An estimation of such a decrease can be performed utilizing the formula [16]
. . 2x(1— x)SZmZ%

Mg, = Myo <1 - W) 3)
whereNj is the number of atoms per unit volundes the difference between the energy levels
which are created from impurity atoms in the end compoundmafdandm,(m,,;,) are
the band-edge, density-of-states effective masses of the SSs and the end compound (GeTe),
respectively. Figure 2 represents the plot of the ratia;/m’, = (m}, —m},)/m’, versus
x(1—x) (dashed curve). Fromthe linear part of the dependent26(< x (1—x) < 0.212, the
values = 1.2 eV was estimated. Withthe assumption thatthe prevailing scattering mechanisms
are acoustic phonon, ion core and lattice potential fluctuations and that the Matthiessen’s rule
holds, one obtains for the reverse mobility [17]
1 mcp(E_p)n (EZkOT fpUP+ x(1— x)62>

eNh C ! No
wherep(EF) is the density of states at the Fermi enet@\the acoustic phonon deformation
potential,C a combination of the elastic modul¥,the number of equivalent extremés,the
potential well strength for the cation vacancies in the SSsatié hole concentration. The
estimation of the second and third terms in the brackets of formula (4) has given

2x 102> pU? > 1.7 x 1073 (ev)? m®

|M|~2 (4)
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x(1—x)82
0

asx (1 — x) varies from 0.071 to 0.212.

Thevalue ol/; = 2x 1022 eV m® was taken to be the same as was evaluated for Pb and Sn
vacanciesinPh,Sn.Te[17]ands = 1.2 eV. Ifthe firstterm does not change drastically with
(all SSs are in the rhombohedral phase), the variation of the mobility should be governed by the
change in the effective mass. This can be seen from the mn&of/ugl = (Mal - u;l)/ual
versusx (1 — x) (the full curve in figure 2), whergg = uger.. We can see that both curves
are on the same scale. The more rapid chang@;m‘l/ual at 0 < x < 0.076 compared
with Am’ /m’%, can be associated with the more abrupt change of the hole concentration in
that region.

8x 1073 < <84 x 10 (ev)?m?®

References

[1] Korzhuer M A 1986 Tellurid Germania i Ego Fisicheskie Svoist{doscow: Nauka)
[2] Heikes R R, Mille R C and Ure R W JA961Survey of Known Thermoelectric Materials (Thermoelectricity
Science and Engineeringd R R Heikes athR W Ure (New York: Interscience) ch 13
[3] Scrab& E A and Trimme D S 1995Properties of General TAGS System (CRC Handbook of Thermoelectrics)
ed D M Rowe (New Yrk: CRC Press) p 267
[4] Mahan G D 1997Good Thermoelectrics (Solid State Physics 88w York: Academic) p 81
[5] Drabkin | A, Zhukova T B, Nelson | V and Sisoeva L M 197&. Akad. Nauk SSSR, Ser. Neorg. Mdt&1194
[6] Lewis J E 1973hys. Status Solidi 59367
[7] Kucharski A M and Rizhkow E M 1973Fiz. Tekh. Poluprovz 1306
[8] Korzhuer M A and Lapter AV 1993 Neorg. Mater29 1462
[9] Plachkova S K, Odi I N and Novoseloa A V 19841zv. Acad. Nauk SSSR, Ser. Neorg. M&@#03
[10] Plachkova S K, ShelimavL E and KarpinskiO G 1990Phys. Status Solid¢i117 155
[11] Plachkowa S K 1997Doctor of Science Thes&ofia
[12] Plachkoa S K and GeorgieT | 1993Phys. Status Solidi 136509
[13] Ravich Yu J, Efimoa B A and Smirng J A 1970 Semiconducting Lead Chalcogenided L E Stil'bans
(New York: Plenum)
[14] Vassiler L V and Christakudis G Ch 1983hys. Status Solidi 117 K53
[15] Almazov A B 1966 Elektronnye Svoistva Poluprovodnikovykh Tverdykh Rastvdidkiscow: Nauka)
[16] Dolgov E L and Dugaev V K 197&ov. Phys.—Solid. Stai8 895
[17] Toneva A 198(PhD ThesisSofia



