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Macchn KBAapK-aHTHKBAPKOBLIX COCTOSIHUM C PeAATHBUCTCKUMHA
[ONpaBKaMu

A. A. Amanacos, C. I". Bankosa, B. Il. Beaurkos

(Peswme)

PaspaGorana monenb 1as onpejeneHns CNeKTPa MAcC KBApPKOHHS C Y4ETOM CIIMHA
KBADKOB HA OCHOBE JIOKaJbHO 3KBHBa/NeHTHHX ypaBHeHuii Illpeaunrepa ¢ pensiTHBHCT-
CKMMH monpaBkamu. [losyyeHHble ypaBHeHHs PeWAOTCA [0 MPUOAHSUTENHLHOMY ACHMII-
TOTHYECKOMY METOJY BO3MYILEHHS.

Thermoelectric Figure of Merit
for GeTe-Based Materials

O. G. Georgieva, T. A. Christakudi,
S. K. Plachkova*, G. Ch. Christakudis*

Institute of Foreign Students, Sofia 1111
*8ofia University, Faculty_ of Physics, Sofia 1126

Single phased solid solutions of the general formula (GeTe),_ [(AgsTe)y ,(Sb(Bi),Tez) ], with y=0.5,
y=0.6 and x=<0.50 for the antimony system and y-=0.4667, y=0.5 and x=0.30 for the bismuth
system have been prepared. The effect of the stoichiometric deviation on the thermoelectric proper-
ties of these systems has been studied at room temperature. The stoichiomelric deviation produces
a general decrease in the S2c parameter. The addition of small amounts of non-stoichiometric ternary
compounds results'in a drop in the power factor due to increased current carrier concentration.

. The increased amounts of additives cause the parameter S2c to increase. The reason for this is
the drop in the current carrier concentration for the bismuth system and the change in the band
structure and the shape of the Fermi surface for the antimony system.

1. Introduction

The compound GeTe is a typical thermoelectric material from the middle-tempe-
rature range (600—1000 K). Improved thermoelectric properties are obtained by doping
this compound or by forming solid solutions on its basis. GeTe is a non-stoichiometric
compound that is characterized by a high current carrier concentration due to the pre-
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sence of double charged germanium vacancies. The maximum thermoelectric figure
of merit Z—=1.2x10—-3K—! of this compound is attained at about 900 K [2].

The formation of solid solution of GeTe with some compounds such as A'BVCF, for
example AgSbTe, AgBiTe,, etc. provides a possibility to find materials with improved
thermoelectric properties.” The compounds AgSbTe, and AgBiTe, are cha;actenzed
by a strong deviation from stoichiometry due to which they may be written in the fol-
lowing way: (Ag,Te); ,[Bi(Sb),Tes],, where the y parameter ~characterizes the devi-
ation from stoichiometry. The stoichiometric compounds correspond to y=0.5.

The compounds Ag,Te, Bi,Te and SbyTe are low temperature thermoelectric mate-
rials that also have high thermoelectric parameters. The mentioned compounds are
narrow band semiconductors with a homogeneity region (i. e. they are non-§thch10me-
tric compounds) [2, 3]. For this reason it is interesting to study the deviation from
stoichiometry for certain cuts in the triangles GeTe — Ag;Te — Big"leg:(St.)zTeQ.' ;

The’ purpose of the present work is to study the effect of the stoichiometric devi-
ations towards Sb,Tes for the system (GeTe),_. [(AgsTe),_,(Sb,Tes)y), and towards
Ag,Te for the system (GeTe),_, [(Ag,Te)—y(BigT ey)y], on the termoelectric properties of
these systems at room temperature.

2. Experiment

Single phase solid solutions have been obtained with the general formula (GeTe);—,
.[(Ag,Te),_,(Sb(Bi),Tey),], with y=0.5 and x=0.50 for the antimony _system and
y=0.4667, ¥y=0.5 and x=<0.30 for the bismuth system. The stoichiometric deviations
(y=0.6 and y=0.4667) for the two systems '
under consideration have been chosen in
such a way so as .to coincide with the
homogeneity region of the solid solutions.
Direct single temperature ampoule synthesis
has been used starting with the component
chemical elements with 99.999 9/, purity, under W
residual vacuum in the ampoule 5> 1072 Pa. ;
After the synthesis the alloys have been
quenched in ice-water bath, annealed for the
duration of more that 500 h at 773 K to <
attain the equilibrium states of the defects Tx

_\ﬁ

08¢ VK2 cmA S?g

20 F

and quenched again in ice-water bath. The

applied technology was found to produce i

homogenous alloys with stoichiometric de- i

viations, but these alloys were more fragile

than those from the y=0.5 cut. For this

reason it is impossible to cut these alloys

into samples with dimensions=1X1X1 cm ot :

suitable for measuring the thermal conducti- : L I I

vity coefficient ». Hence to study the ef- , Wia Tl e a8

fect of the stoichiometric deviations on the

thermoelectric ' parameters we used the po- g

wer factor S%c where S is the thermoelec- Fig. 1. Variation of the power factor S?c with the

tric power and o is the specific electric composition:

conductivity. : -1 — composition (GeTe)l_x[(AggTe)l__V\BizTe3)y]x,
Figure 1 shows the dependences of y=0.5; 2— composition (GeTe), _ [(AgeTe),_,

the thermoelectric power factor S2c for the (SbyTeg) ], y=05; 3+ composition (GeTe).

alloys (GeTe),_ [(Ag,Te);_,(Sb(Bi),Tes),], as  (AgaTe),_,(BizTey), ], y=0.4667; 4 — composi-

a function of the composition. Since the tion (GeTe), [(AgeTe)_,(SbaTey), ], y=06]
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olid solution composition is complex, it is characterized best by the complex para-
meter u

_ X(2y+1)

T2y
where (1—u) is the amount of germanium atoms in the cationic sublattice and x is
the amount of ternary compound. ‘

3. Discussion

When adding the stoichiometric ternary compound (y=0.5), corresponding to the genet
ral formula AgSb(Bi)Te,, the quantity S?c increases proportionally with the increasing conten
of the ternary component. For the bismuth system (curve 1), these variations are much sharper
andat x=0.10 (z=0.182), the curve passes through a maximum, while for the antimony
system (curve 2), maximum is not attained in the solubility limits of the alloys [4].
These results are in agreement with the experimental and theoretical studies of A. F.
Joffe [5], which showed that in forming a continuous series of solid solutions, the

2
thermoelectric figure of merit Z:S—yS and (S?c respectively) at constant temperature

varies along a curve with maximum shifted towards the initial compounds.

The sharper increase in the power factor, observed experimentally for the bismuth
system, is related to the following factor: for the two types of solid solutions, the o va-
lues for the same x are close, while these for the thermoelectric power differ consider-
ably. The reason for this last hehaviour is probably the faster drop (by an order
of magnitude) of the current carrier concentration in the bismuth system as compared
with the antimony system. (For x=0.1, p~3x10 cm~? for the bismuth system and
p~5x10¥ cm—2 for the antimony system). The lower current carrier concentration
in the bismuth system brings about a rise in S, since for nondegenerate semiconduc-
tors S is related to the concentration p according to the formula:

2n2/3 ./cz.T.m'fi

S: oy T A S I
3% o 2, p?3

Here % is the Boltzmann constant, T is the temperature and mj is the effective mass

of the density of states. ,

The stoichiometric deviation for the ternary compound in the two systems produces
equal in nature changes in the dependences of the power factor S% on the composition
(curves 3 and 4). The small additions of ternary compound (x=0.03, #=0.056 for
the bismuth system and x=0.05, 2=0.104 for the antimony system causes a decrease
in the thermoelectric power factor. This may be explained in the following way:
by adding non-stoichiometric impurities, the amount of defects in the crystal increases
and this brings about,6 an increase in the current carrier concentration. As a result
of this, the thermoelectric power S decreases and probably also the specific electrical
conductivity since c=epp (the defects decrease the current carrier mobility). The total
effect is expressed in decreased parameter S?%c.

For large values of the u the thermoelectric power factor increases for both ternary
compounds. Due to the difference in the effect of antimony and bismuth, the latter
finding has no unique explanation. :

For the bismuth system (at ¥=0.4667 — curve 3), the increased power factor S%c
is related to the decreasing current carrier concentration, observed experimentally [7],
and whence to the increasing S. For the antimony system (curve 4) the case is rever-
sed — the Hall concentration of the carriers was observed experimentally to increase
when it was calculated under the assumption that the Hall factor equals unity. For this
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reason the increase in S%c probably is related to changes in the band structure and

the shape of the Fermi surfaces [5]. !

; If the corresponding stoichiometric and non-stoichiometric solid solutions from the
two systems are compared, the stoichiometric deviation is seen to produce a general

drop of the S%c parameter. The difference is especially large for small amounts of the

corresponding ternary compound and for the higher concentration of this compound,

the difference decreases.

The final conclusion for the thermoelectric figure of merit of the materials under
consideration may be drawn only after measuring their thermal conductivity. While
the increased defect concentration during the formation of non-stoichiometric solid
solutions leads to decreasing phonon component of the thermal conductivity k. and
the decrease in the specific electrical conductivity produces a decrease in the electronic
component kg it may be expected that the general thermal conductivity k=/ki+g will
decrease. This provides the basis to suppose that the thermoelectric figure of merit
of the studied solid solutions improves with steoichiometric deviations.

4. Conclusions

1. For the stoichiometric solid solutions which, contain antimony, the S parameter
increases continually whereas for the bismuth solution it passes through a maximum
at u~0.20. /

2. The stoichiometric deviation decreases in general the parameter which is sub-
stantially lower at small z.

3. The addition of small amounts of non-stoichiometric ternary compounds produces
decreased power factors due to the increased current carrier concentration.

4. The increased amount of non-stoichiometric ternary compound causes an increase
in the S$% parameter. The reason for this behaviour is the decreased current carrier
concentration for the bismuth system and the variation of the band structure and
the shape of the Fermi surface for the antimony system.
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Tepmoasektpuueckast a(deKTHBHOCTL MaTepuanoB na ocHose GeTe

O. ). eopeuesa, T. A. Xpucmaxyou, C. K. [Taaurosa, : !
. X. Xpucmarxyouc : :

 (Pesome)

[Tonyuennt ofAHO(pA30BbIE TBEPABIE PACTBOPL! THHA (GeTe),_[(Ag,Te),_,(Sh(Bis)Tes), ],
(=05, y=0,6 u x<0,50) mjs cucremsl, Ccojepxauied CypbMy, H y=0,4667, y=0,5
H x=<0,30 nas cucTembl, comepxamed BucmyT. Vccaenopano BiusiHHE OTKJ/IOHEHHA OT
CTEXHOMETDHH Ha TEPMOIJIEKTPHUECKHE CBOCTBA 3THX CHCTEM MpPH KOMHATHOH TeMie-
parype. OTK/IOHeHHE OT CTEXHOMETPHH MPUBOIMT K OONIEMY NOHMXEHHIO napamerpa S%o.
Jlo6apenue HeGoAbIINX KOJTHIECTB HECTEXHOMETPHUECKHX TPOHHLIX CO@JMHEeHHH NPUBOJAUT
K YMEHBIIEHUIO TEPMOSJIEKTPHIECKONH MOIIIHOCTH U3-3a YBENNUCHHST KOHUEHTPALHH TOKOBbIX
HOCHTesell, a JanbHeiiliee yBeaHueHHe NO0ABOK BbI3plBaeT yBeaduenne napamerpa S%o.
[IpuysHa 5TOTO 3aKJIOUAETCH B yMEHbUICHHH KOHIUEHTPAUHH TOKOBBIX HOCHTeJeH B CH-
cTeMe, Cojiepxarieil BUCMYT, H B UBMEHEHHH SOHHOH CTPYKTYpbI H (DOPMBI MOBEPXHOCTEH
depmu B cucTeMe, COLEPKAWEH CYPBMY. ,

Influence of Stoichiometric Deviations on the‘Thermo—
electric Figure of Merit of (Gete), . [(Ag,Te),_(Sb.Tes),).
Solid Solutions :

G Gh Christqkudis, S. K. Plachkova, E. S. Avilov* L. E. Shélimova*

Faculty of Physics, University of Sofia, Sofia 1126
*[nstitute of Metallurgy “A. A. Baikov”,
Academy of Sciences, Moscow 117911, USSR

The thermoelectric power, the specific electrical conductivity, and the thermal conductivity were
used to calculate the thermoeleciric figure of merit of solid solutions of the type (GeTe)_x
[(AgaTe);_,(SbsTes), ]y with y=0.6 and y=0.75. It was found that the deviation from stoichio-
metry (y>0.5) in the ternary compound silver-antimony telluride affects favourably the thermo-
electric parameters. On the basisof the studied solid solutions, a new effective middle-temperature
thermoelectric material of p-type was found with the composition y=0.6 and x=0.20. The ther-
moelectric figure of merit of this material (Z=2.4 % 1073 K71) is higher than the values known for
the GeTe, AgSbTe, and the stoichiometric solid solutions (y=05 and x=0.2) due to which it
may find practical applications. p

1. Introduction

In the direct conversion of thermal energy into electric energy, the main problem
is the enhancement of the efficiency of the. thermoelectric devices. This efficiency is
defined mainly by the properties of the materials building the converter through the
thermoelectric figure of merit Z: :

’ o?c
1) ; L=
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