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DETERMINATION OF EFFECTIVE MASSES OF ELECTRONS AND HOLES IN
TlIn1xYbxTez SOLID SOLUTIONS FROM THE MEASUREMENT OF THE KINETIC
COEFFICIENTS IN WEAK MAGNETIC FIELDS

F.F. Aliev!, V.I. Eminoval, U.M. Agayeva?
(Presented by Academician of NAS of Azerbaijan J.Sh. Abdinov)

Temperature dependence of electrical conduction o(T), Hall coefficient R(T) and the coeffi-
cient of thermo electromotive force o (T) in Tlin1xYbxTe2 (0< x<0,10) solid solutions at 80-1000 K
have been investigated. Effective masses of electrons and holes have been determined on the basis
of kinetic parameters. It is found that starting from x=0.05 TlIn1xYbxTe2 solid solutions belong to
narrow-gap semiconductors having high values of interaction matrix element.

Keywords: width of forbidden gap, effective mass, reduced chemical potential, narrow-gap

semiconductors

It is shown in [1] that at room temperature
solubility region up to 10% TIYbTez is observed
in the TlInTez — TIYbTe2 system on the base of
TlInTe2. The characteristic property of crystals of
TlinixYbxTe2 solid solutions is the presence of
stoichiometric vacancies with high concentrations
(10— 10%%sm3) in their crystal lattice and local-
ized states related to them in the forbidden gap
[1-6], and this value rises with the growth of mole
fraction of ytterbium in the composition of solid
solutions. The formation of solid soluions leads to
chan-ges in electron and lattice subsystems of a
crystal causing static deformation of the lattice
and disturbance of electron-phonon spectrum.
With increasing concentration of solid solution
vacance the average spacing of atoms of TIYbTez
dissolved substance attains the values at which
interimpurity interaction begins to make a signifi-
cant contribution to energy of TlinTez solvent
crystal [2] and this brings about the appearance of
principally new properties not characteristic of
the initial material. So, when doping TlIinTez
some rate-earth elements (Gd, Pr, Nd, Eu, Dy,
Yb) stabilization effect of Fermi level is evident
while its position is determined only by the com-
position of alloy and does not depend on the con-
centration of doping impurities [1,3,7].

In research [4] have been investigated elec-
trical properties of TlinixYbxTe2 at weak and
strong electric fields and the authors observed
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VAC change over. In research [5,6] temperature
dependences of thermoelectromo-tive force and
thermal conductivities of TlinixYbxTez solid so-
lutions have been studied and normal processes
and scattering on point defects are shown to
play an active role in phonon scattering simul-
taneously with U—processes. The authors of re-
searches [1-4] also have demonstrated that
samples of TlInixYbxTe2 posse changing-over
properties with electric memory and high ther-
moeffectivity.

Even though a number of researches [1-6]
dealt with the study of electrical and thermal
properties of TlInixYbxTe2 the said researches
did not investigate the influence of ytterbium
on energy spectrum of charge carriers. This
problem is of special scientific and practical
interest because a change-over from TlInTez to
TlIn1-xYbxTez allows to improve thermoelec-
tric properties at temperatures of T>600K and
create thermocouples for thermo generators
as p-branch [8-11]. To stabilize the functioning
of thermo generators special attention is cen-
tered on the study of electron spectrum of
charge carriers [8]. For this reason the object of
this research is the study of energy spectrum of
charge carriers in TlInixYbxTez solid solutions.
The present research has investigated tempe-
rature dependences of electrical conduction (o),
Hall coefficient (R) and thermo electromotive
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force (o) in TlInixYbxTez solid solutions
(0<x<0,10) at 80+1000K. The mentioned pa-

rameters o, R and a were measured on samples
with ohmic contacts at direct current [5] in con-
stant magnetic fields up to 1200 A/m. The error
of the measurements did not exceed 4-5%.

Results and discussion

Temperature dependences of electrical
conduction o(T) of TlIni-xYbxTez solid solutions
are displayed in fig.1. As seen from this figure,
the o(T) dependences for different compositions
of the solid solutions are substantially unlike one
another. The intrinsic region of conduction for
the initial compound TlInTe2 begins at the tem-
perature ~700K while the intrinsic region shifts
towards higher temperature in TlinixYbxTez sol-
id solutions with increase in relative content of
ytterbium in the compositions (Fig.1). From
slopes of the curves £ga(10%T) in high tempera-
ture region was assessed thermal width of the
forbidden gap (E, ) at T=0K for the investigated

samples: it got revealed that as the content of
relative quantity of ytterbium in compositions of
the solid solutions becomes higher E, changes

from 0,70eV for the initial compound TlInTe2
and to 0,54eV for TlInosoYho,0Te2.
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Figl. Temperature dependences of electrical conduction
in TlinyxYbxTey;
- (x=0), o- (x=0.02), A- (x=0.05), *- (x=0.10)

MOBRUZSLOR =—<ap—

REPORTS

Figures 2 and 3 show temperature depen-
dences of Hall coefficient R(T) and thermo- elec-
tromotive force coefficient a(T) in TlinixYbxTez
solid solutions. The signs of both coefficients
are positive and this proves that conduction is
completely provided by holes.

It is seen from fig.2 that Hall coefficient
decreases in case of weak replacement of In
atoms with Yb atoms and accordingly, hole
concentration goes up. At T>760K the intrinsic
region of conduction is detected on all samples.
With the further increase in relative content of
YDb in the compositions the intrinsic region of
conduction shifts towards higher temperatures.
This phenomenon is also observed on tempera-
ture dependence o(T), from where it is seen that
before T~650K a(T) grows linearly and slowly
diminishes with the coming of the intrinsic re-
gion. It can be seen from Fig.2-3 that starting
from x>0.05 the temperature course of o(T) and
a(T) is of the same pattern as for narrow-gap
semiconductors [9].

In these samples, the weak dependence R
(T) and the linear dependence of a (T) at
T~650K indicates that the conductivity is one
type of carrier that allows you to determine the
effective mass of the holes (see table) [10].

R, cm3/C
3
8- o0 o g o
DDDDDDDDDDD
o
oo o
SR
o o
6 °000 h
OOO o
OOO o
Og o
YN o o
LA o
&a&aa %% DD
44 A o]
ﬁaﬂ o u}
Ap o
ap = o
Lp
&
LY. [s] o
, oo, Sap0
b Uirayr
Tt gy B
ﬂ****nﬁ a&
-3
P
Tty
*
0 T T T T i 1
0 20 40 60 80 100
T, K

Fig.2. Temperature dependence of Hall coefficient
(at H=1200A/m) in
TlIn1xYbyTe,. Designations are the same as in Fig.1
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Fig.3. Temperature dependences of thermoelectromotive
force in TliniYbyxTe,.
Designations are the same as in Fig.1

It was found that for all samples the ef-
fective mass of the holes in the temperature in-
terval 100-650K is almost unchanged. This in-
dicates that the valence band TlInixYbxTez
obeys a quadratic dispersion law. It should be not-
ed that so far has not been studied the energy spec-
trum of the conduction band in TlinixYbxTex.

at T<700K find acceptor concentration
Na~1,2x1018cm? (sample x = 0.05) and remove
the degeneracy temperature of the gas at the
hole Tni~640K .

As seen from this Table values of m;,
m, in TlinixYbxTe2 are relatively less than in
other solutions where lanthanides TlInixLnxTe2
[11] are present. As is also seen from this Table
there is mainly a correlation concerning the
width of forbidden gap, effective mass (m,
m; ) and matrix interaction element (P) in sam-
ples of TlinixYbxTez. The only factor that is
not in line with the above said is that as com-
pared to other narrow-gap semiconductors [9] a
big effective mass of electrons in TlInixYbxTez
may be related either to matrix interaction ele-
ment or to crystalline structure. TlinixYbxTez
solid solutions crystallize in tetragonal syn-
gonia as well as the initial compound TlInTe2
[12]. In this syngonia interaction of electrons
with crystal lattice is insignificant [13]. On the
basis of [13] it can be believed that high values
of Eg and m’ are not due to crystalline struc-
ture. It can be expected that their values are
conditioned by high value of matrix interaction
element:

- - 2
Using the value of the effective mass of P 3h? Ed-m) v (1)
holes and assuming that the donor concentra- | am, ° n
tion Na = 0 by the value of the Hall coefficient
Table
Band parameters and the mobility of holes in the solid solutions TlIni1xYbxTe:
Samples T=100K T=300K
Parameters x=0 x=0.02 x=0.05 x=0.10 x=0 x=0.02 x=0.05 x=0.10
Eq (eV) 0.70 0.66 0.62 0.54 0.68 0.63 0.59 0.51
m’; 0.55 0.52 0.48 0.43 0.53 0.51 0.46 0.40
m: 0.040 0.036 0.034 0.031 0.037 0.033 0.032 0.030
P X108 (eV-sm) 41 4.0 3.9 3.6 4.0 3.9 38 35
pp X103 (SM#/V-s) 210 230 1200 1350 180 195 1100 1250
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It is seen from fig.2 that before T~650K
the hole concentration rises to such extent that
hole gas degeneration continues which is also
characteristic of narrow-gap semiconductors [9].
This conclusion is confirmed by temperature
dependences ¢ and R at T<640K.

So, in the investigated temperature range
TlinixYbxTez solid solution (0 <x<0,10) has
hole conduction at severely degenerated state of
hole gas. The TlinixYbxTez valence band obeys
square law of dispersion. At T>650K the intrinsic
conduction region is observed and the nature of
temperature dependences ¢ and a is explained
by the presence of two types of charge carriers.
Starting from x=0.05 the temperature course
o(T) becomes obviously qualitatively and
quantatively different during transition from
TlInTez to TlinixYbxTez2. This transition is sup-
posed to be accompanied by the transition from a
semiconductor to a narrow-gap semiconductor.
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ZOIF MAQNIT SAHOLORIND® TlInixYbxTe: BORK MOHLULLARININ KINETIK OMSALLARININ
OLCULMOSINDON iSTIFADO EDOROK ELEKTRON VO DESIKLORIN EFFEKTIV
KUTLOLORININ TOYiNi

F.F.Oliyev, V.i.Eminova, U.M. Agayeva

TlinixYbyTe; (0< x<0,10) bork mohlullarinda elektrikkegirmo Holl vo termoelektrik amsallarinin (o,R, & )

temperatur asililiglart (o (T) R (T), o (T)) 80-1000K temperatur intervalinda tadqiq olunmugdur. Bu kinetik smsallar

asasinda elektron vo desiklorin effektiv kiitlolori toyin olunmusdur. Milayyan olunmusdur ki, x=0.05 giymatindan
baslayaraq, TlInixYbxTe, bark mohlulu 6ziinii darzolagli yarimkegirici kimi aparir.

Acar sozlar: gadagan olunmus zonamin eni, effektiv kiitlo, Qatirilmis kimyavi potensial, darzolagli yarimkeciricilor
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OINNPEJEJIEHUE D®PEKTUBHBIX MACC 3JIEKTPOHOB 1 IbIPOK B TBEPJBIX
PACTBOPAX TlInixYbxTe: A3 U3MEPEHUI KHHETHUYECKHUX KO ®OUIIUEHTOB
B CJIABBIX MATHUTHBIX HOJIAX

D. 0. Anuesn, B.U. ImunoBa, Y.M. AraeBa

Hccnedosanvr memnepamyphule 3a8UCUMOCHIU INEKMPONPOBOOHOCIU o5 , KOdPuyuenma Xonna R u koaghpu-

yuenma mepmo 9.0.C. 0. 8 meepovix pacmeopax THNixYbTe, (0<x<0,10) npu 80-1000 K. Ilo oannbim Kunemudeckux
napamempos onpeoeieHvl 3hphexmusHvie MAccobl HNEKMPOHOS8 U ObIPOK. Yemaroeneno, umo, Hayunas ¢ x=0.05, meep-
ovle  pacmeopwr TN YDTe, omnocames x ysxkozonuvim noaynpogooHuxam, o61a0aOUWUM 6bICOKUMU 3HAYEHUSMU
MAMPUUHOO SNIEMEHMA 83AUMOOEICMBUSL.

Knrouegvle cnosa: wupuna 3anpeuwjeHHol 30Hbl, dQdexmuenas macca, npueeoeH bl XUMU4ecKull NomeHyua,
V3KO30HHbLE NONYNPOBOOHUKU
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