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REPRODUCFD AT C,0VFF*'M[#4T FXPFSE

L)PIMA IONOF THE THEKMOELECrRIC FIGURE OF MERIT IN FINE

GRAINED SEMICONDUCTOR MATERIALS BASED UPON LEAD TELLURIDE

i, work undertaken

In the previous rt~iort (No.3) we presented the results Of Our

* investigation of the relative improvement in the thermoelectric

iiure cf mrit Z of alloys based upon lead telluride which

jCCOMpanied the use of fine grain size material. The improvement

ir Z was calculated over the temperature range of operation of

ai evice employing lead telluride technology and at three different

carrier concentrations. It was concluded that the thermoelectric

figure of merit of highly disordered lead telluride type material

with a mean grain size of 'xlom was about 10 percent larger than

eqijsvalent "single crystal" gr large grain size material.

As pointed out previously, the theoretical model employed,

althiough adequate for use in obtaining estimates of the relative

improvements in Z , the improvement in Z is rather insensitive

to the values taken for parameters such as effective mass and to

the nature~of the energy serfaces, The next stage of our invest-

V i.tation i.e. identification of potentially good !hernoelectric

2ntDerials based upon lead telluride will require the ocveluppnertr-m

of a thtorectical model whicii provides a realistic value fc~r t~ie

absolute magnitude of Z. Such a model must include (1) The effect

of a multivalley energy band Structure. (2) hon-parabolicity of the

ve-Crgy surface, (3) Combinations of scattering mechanisms.

iy'this report ..we' presenr the results of -our-calculations of

the effect of a multivalley energy band structure on the thermo-

electric figure of merit. (Submitted to Physica Status Solidi).

*--.1t is concluded that intervalley scattering significantly reduces

the beneficial effect of a multivalley energy band structure. At

optimum doi9(IE0--nev- e scattering reduces the ratio

(ZT ), /(ZT) 1\by approximately 25'.

muIt iv a I -y single valley
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11 . FUTURE PROGRr4'ME OF WORK

J, The theoretical model will be further refined by including

non-parabolic energy surfaces.
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REPRODUCEnD AT GOVERNMENT FYPINSE

THe EF kXT OF A MULTIVALLEY ENERGY BAND STRUC"JR ON' 7HE THERMOELECTRIC

FIGURE OF M1-ERIT

it has been generally accepted foi so-c considerable time that a

semiconductor which possesses a multivaley eercy band structure should

exhibit a higher value of the thermoelectric ficrrc of mcrit Z than a similar

r-terial which has only a single valley. A cu.pajiF-.sn of the- measured Z

values for thermoelectric semicond'ictars su.,pLort this view. Multivallied

t=iconductors such as bismuth telluride, lead telluride and silicon

germanium alloys are the best materials over their t ,czature rangesof

..peration 11 I. Previous analyses have shown that in the non-degenerate limit

aid neglecting intervalley scatterina, the figure of merit increases monoton-

ically with the number of valleys Nv12,3..1r. practicether-moelectric

.' semiconductors are doped to relatively high carrier concentrations in order

to oFtimise the materials thermoelectric properties. In the region of

optimum doping, a multivalley energy band strulcture and intervalley scattering

nay have a significant effect on the figure of merit compared to that in

the non-degenerate limit.

1r, th.is note we report the results of our ca]culkticn arat t(. effect of

intervalley scattering on the figure of merit of ia nult vallie-5 semiconductor,

as a function of carrier concentration (expressed in tcrrns of reduced Fermi

energy C).

The dimensionless figure of merit (ZT)mv for a multiv~lley energy

band semiconductor can be expressed as:

(c' )2 (a, )
. CZT) We e my 1

s"' e eWV.Mv +ZT =f it e )

* whlre the symbols have the same tneaning as in reference ,41.Assuiaing that

a e' is independent of the number of valleys and that the effect of intervalley

scattering manifests itself primarily throuah thy carriei m ,ility and elec-

trical conductivity the effect of a multivalley energy band struc:ture in ZT

can conveniently be discussed in terms of the ratio:-

(ZT) (C $o )-4Tv e MyA (e '.i.: v (2)

(a ')( I (Oe~ )~
e svC

I;j evaluating equation 2 as a function Of w. hv( reCh'lcted optical phonon

,cattering. Intervalley scattering has Ikeen incluiv.d following the methal
developed by Herring 151 Cb*,,-5 Z7, e-rS,4C, f:: t(..-rature

1Ldeendence of carrier ronti21t' a L. t,,.ctirC, ,-f ":.,/.:i
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are measures of the strength of coupling of the charge carriers to intervalley

a-0 intravelley modes respectively. Although the model formulated is a general

one we are specifically interested in thermoelectric alloys based upon lead

telluride and the parameters taken are appropriate to that material.

Tne results of our calculations are presented in figure 1 where we

have plotted the ratio (ZT) /(ZT) at 300K as a function of E, with and without
m s

the inclusion of intervalley scattering. It is evident that in both cases the

ficure of merit is substantially increased in a multivallied structure.

Althouah the effect of intervalley scattering on the figure of merit has been

included in our calculations in an approximate manner we conclude that

intervalley scattering significantly reduces the beneficial effect of a multi-

valley energy band structure. At optimum doping (-<C<0) intervalley scatteriln

reduces the ratio (ZT) m/(ZT) by approximately 25%.

The United States Army through its European Research offices is

acknowledged for sponsoring this research under contract No. DAJA37-82-C-0116.
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FIG 1. (ZT)v/(ZT) AS A FUNCTION OF REDUCED FERMI ENERGY C.
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