FiZziKA

2002

CiLD VIII Ne 4

CONDITIONS FOR THE TEMPERATURE STABILIZATION OF THE
THERMOELECTROMOTIVE FORCE IN SEMICONDUCTIVE MATERIALS
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The possibility of the stabilization of the common thermoelectromotive force versus the temperature is observed for materials with the
standard band structure of one-type charge carriers and for those, having the complex construction of the valent band or )and) the conduction
band (two-band model). It is shown, that the stabilization of the common thermoelectromotive force o is possible for the energy spectrum of
the charge carriers corresponding to the two-band model if the width of the forbidden band AE is more than the value of the energy gap 4e

between subbands.

The practical value of the semiconductive substance,
which is applied in various thermal converters is determined
firstly by the average value of the dimensionless parameter
ZT, in which at the given temperature 7' the value of the
thermal efficiency Z, according to the A.F. loffe criterion, is
equal to:
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where o, G, Y.m are the common thermoelectromotive force,
electroconductivity and heat conductivity, respectively, u is
the mobility of the charge carries, Y, is the lattice heat con-
ductivity.

The maximum of Z (Z,,,) at the given temperature 7 [1]
depends on: 1) the reduced Fermi level u*; 2) the dimen-
sionless coefficient:
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and 3) the parameter of the charge carriers scattering », where
h is the Planck’s constant, e is the electron charge, k; is the

"

Boltzmann’s constant, (m—J is the effective mass, T is the
mO

temperature.

The dependence of Z T on the reduced Fermi level p* has
maximum, the sharpness and value of which depend on (3 [1]
and respective thermoelectromotive force a and electrocon-
ductivity are optimal - oL, and G,

The stabilization of the reduced Fermi level p* in the de-
termined temperature interval corresponding to the value o,
leads to the considerable growth of the parameter Z,, A4 T
and, consequently, to the maximal temperature gradient
AT the maximal cooling coefficient K, and maximal
efficiency (., in this interval, what has a great value for the
development and practical use of the applied material in vari-
ous cooling and generator devices.

The term “stabilization” means not the expression o(7)
and a(n); a(p)=const, but the change of the value o in deter-
mined limits, usually £5-7% from the value of a,,. At pre-
sent time in the applied thermal material of n and p-type the
value of the thermoelectromotive force o corresponds to the

case of weak electrons and holes degeneration and its value
versus the Fermi level p* is determined as:
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where F = J.xr [exp(x - )+ I]dx is the Fermi inte-
0

gral, the value of which is tabulated in [2], 7-is the scattering
parameter.

The reduced Fermi level u* is connected with the charge
carriers concentration p(n), the effective mass of the state
density m"/m, (electrons and holes) and the temperature 7
through the Fermi integral as:

p(n Nk’
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It is seen from the formula (2) that at conditions
m"/my(T)=const, r =const, p(n)~T"? the Fermi integral
Fi(1"), and consequently u* and a, for substances with the
standard parabolic band and one-type charge carriers, do not
depend on the temperature, i.e. they are stabilized.
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Fig. 1. Schematic picture of the energy bands of the complex
structure.
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For known semiconductive materials the theory of the
transfer phenomena gives much stronger dependence n(7)
and p(7), and therefore the stabilization of the thermoelec-
tromotive force a(7) is impossible in them. For substance
with the complex band structure, to which Bi,Te; of p and n-
type, Sb,Te; of p-type and etc. refer, it is possible to suppose
the possibility of the condition fulfillment F,(u")=const at
the stability of the common charge carriers concentration in
the subzone (p.,.(T)=const) (fig.1).

At such condition the common thermoelectromotive force is:
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the common electroconductivity is:
6 =0,+0,

the common charge carriers concentration is:

p=pItp: (6)

n=nj;+n; (7
where indices 1,2 refer to the first and second subzone of the
valent band or the conduction band.

At the primary carriers scattering at the acoustic oscilla-
tion of the lattice (r=-1/2), the partial thermoelectromotive
force, electroconductivity and the carriers concentration in
the subbands have the form:
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where uy;, uy, are the mobility of non-degenerated carriers in
the first and second subbands, respectively.

For the analysis of the thermal and concentration depend-
ence of the common thermoelectromotive force a.,,,,, the ratio
of the effective mass of the state density in the subbands
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, the charge carriers mobility , and also the

value of the energy gap 4e, and the width of the forbidden
band AE are usually accepted as constant values, subbands
are parabolic, and the mechanism of the charge carriers scat-
tering is equal. At low temperatures (k7T'« 4¢) the charge car-
riers of the first subband mainly take part in the conduction

process, the second subzone is almost empty and therefore
(formulae 5-7)
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and the common thermoelectromotive force o, grows in a
linear fashion with the temperature increase (part 1; fig. 2).
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Fig.2. The temperature dependence of the thermoelectromotive
force for n/n materials of p-type and with AE>Ae.

The redistribution of the charge carriers between sub-
bands occurs with the further temperature growth, the behav-
ior of the thermoelectomotive force a.,, and electroconduc-
tivity o, will depend on the relation between the thermal
activation energy of the charge carriers AE7 and the width of
the energy gap 4e between subbands. Two cases are possible
by this: 1) 4¢ < AF and 2) de = AE.

1. In the first case the reduction of the carriers concentra-
tion in the low subzone p;(n;) and its growth in the second
Dpa(n;) lead to the increase of the thermoelectromotive force a;
and electroconductivity o, the reduction of the elctroconduc-
tivity o and thermoelectromotive force a,.

By the temperature growth the reduced Fermi level u*
approaches the top of the “heavy” holes subbands; the contri-
bution of its carriers in the transfer process increases and at
the determined 7 (depending on subbands parameters 4¢, AE,

*

and etc.) the product a, o, becomes more than a; o,

*

mpn
and the common thermoelectromotive force o, grows ac-
cording to much stronger law, it follows from the theory for
substances with one-type carriers in the degenerated state
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Ae 2. Ae = AE. In this case the contribution in the common
T ~| — |, the primary contribution of the second subband  thermoelectromotive force a.,, and electrons electroconduc-
0 tivity o,,, of the conduction band «, and g,, occurs at deter-

carriers is shown in the conduction process mined temperatures, respectively, formulae (5)-(6) have the
form:
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The further increase of the charge carriers concentration
in the second subzone leads to the reduction of the thermoe- Creating solid solutions on the base of the matrix (basic)
lecromotive force a, ( the formula Pissarencko) and in spite  materials, it is possible to obtain optimal values (Ae < AE) at
of the growth of ¢x(T) the product a, o, reduces and the  (Ae = AE) the common electroconductivity o,,, will increase

common thermoelectromotive force acom, passing through the - it is seen from the formula (13) at the whole temperature
maximum, reduces ( the formula 5) part 4. interval.
The common electroconductivity a,,, falls by this, both From applied in the present time in the thermal converters

in the consuquence of the carriers number growth with the  materials of the complex energy spectrum of the charge carri-
( m j ers, allowing to explain the behavior of kinetic parameters

high effective mass of the state density —2 | and the low Ocom Ocoms Ry versus the temperature and concentration, have
m, mainly tellurides GeTe, SnTe, PbTe [3,4’; SbTe;, Bi,Te

mobility u, and the dependence of u, on the temperature, the ~ [3,0]- In all indicated tellurides the value of the energy gap Ae
exponent «K» in the expression .., = T* as it is more than 18 lesser than the width of the forbidden band AE, i.e they

3/2 by this (at the charge carriers scattering in the second ~Meet the first case and it is possible by means of the solid

subzone on the acoustic oscillation of the lattice 7 = - %). solution creation on their base'to achieve th§ stablhzatlon. of
Therefore, in the observed case the temperature depend- the common thermoelectromotive force o, in the respective

ence dem(T) differs a bit from the value a,,, and they might  emperature interval.

be concerned stabilized to a required precision. The interval

value AT (its length) depends on the relation Ae and AE.
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YARIMKEGCIRICi MADDSLORD3 TERMO-ELEKTRIK HOR9KST QUVVASININ TEMPERATURDAN
ASILI OLARAQ STABILLOSDIRMS SORTLSRI

Magaleda miirakkab quruluslu kegirici va valent zonaya malik olan va bir név ylkdasiyici, standart zolaglh maddasler Ggln
temperaturdan asili olaraq Umumi T.E.h.g-nin stabillesmasi hali aragdinimisdir. Gosterilmisdir ki, AE gadagan olunmus zolagin
eni Ae - energetik masafanin giymatinden bdyik oldugda yikdasiyicilarinin energetik spektri iki zolagh modula uygun galen
maddalar Gglin T.E.h.g-nin stabillasdiriimasi mimkuindir.

T.I'. OcmanoBs, P.C. ManaTtoB, ®@.K. Aneckepos, H.M. Adayanaes, C.A. Ha0uepa
YCJOBUS TEMIIEPATYPHOM CTABMJIN3ALIMA TEPMOS/IC B IOJIYIIPOBOJHUKOBBIX
MATEPHUAJIAX

PaccMoTpena BO3MOXXHOCTH cTabmiin3aiuy o0Ied TepMO3/IC B 3aBUCUMOCTH OT TEMIIEPaTypPhl AJIsl MaTepHaioB CO CTAaHAAPTHOM 30HHOM
CTPYKTYpOH C OJHHM COPTOM HOCHTENeH 3apsija WiIN oONafarolIMH CIOXKHBIM CTPOSHHEM BAJICHTHOW 30HBI M, MM 30HBI MPOBOJUMOCTH
(mByx30HHas Mogens). IToka3aHo, 4TO AT BEIIECTB C YHEPTETHIESCKHM CIIEKTPOM HOCHUTENEH 3apsaia, COOTBETCTBYIOIIUX JABYX-30HHOM
MOJIEIH, BO3MOXKHA CTaOMIIM3aLHs 001l TEPMO3AC oL, €CIM LIMPHUHA 3aMpPeIleHHON 30HbI AE OoJblIe BENUYHHBI SHEPTETUUECKOTO 3a30pa
Ag MEXIy NOJ30HAMM.
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