Pl W 7

EESpd

Pty 7)) — Y BRGE R TG LB R B B G
BagAuSiy, 7 5 AL — b OBBEHEOFE

R
R/ NEF F T 7 I T O BB R 22 L2288 AR LR

Calculation of Thermoelectric Properties of BagAuSi,, Clathrate on
Density Functional Theory and Non-Equilibrium Green’s Function Method

Hiroaki ANNO

Department of Electrical Engineering, Faculty of Engineering,

Sanyo-Onoda City University

L3 5

FRARRY e BGEM OB O EHSE e S hs T+ ) v - FF A - L hay - 21 A% )V (Phonon Glass Electron
Crystal) OEfi& LTIHEH SN S 2 5 AL — bRk T, BEBBIDHICBV T — X0V EIRIEOM
BE LTSNS p B BagAugSiyy 7 7 A L — b OBBERFEIZOWTHER LTWb, BEMEHI BT 55
EBERRE & OBIMRE I LBH T 5 Z L ITBEMERE 2 REM I LS M2 RGN 5 L THELRETDH
b0 2NNV T % HNIT /Wi & GO T N A AME ORI O BE I IR (DFT) 20 FHHICBW
TIEEM 7 ) — % (NEGF) B0 HIZA D AR THEE LTSN TS, RIFJETIE NEGF #2iGH L7
DFT 1280 BRI OFHE %2 BagAueSiy 7NV 7 IZDWTEN L 720 BEHEOLFER T ¥ ¥ v MREN
75 NCIEIRGERE ORI, S, BagAueSi DEEREDRBEILIZOWTEL L 72,

F—U—F BERE T+ /v -TIFA -y bary--71) A% (PGEC), 7 I AL — I, BagAueSiy,
B R, BENBEI (DFT), ey — B (NEGF)

Abstract

Semiconducting clathrates have attracted much attention as a potential candidate of thermoelectric material
based on the guideline of material design concept for ideal thermoelectric material, so called Phonon Glass and
Electron Crystal (PGEC). Among them, p-type BasAusSiy clathrate is an important material system used for
the application of thermoelectric generation at middle and high temperatures. It is an important issue to
elucidate the relationship between structure and thermoelectric properties for designing a material with
significantly improved thermoelectric figure of merit. The density functional theory (DFT) using
non-equilibrium Green'’s function (NEGF) method (DFT+NEGF) may be a powerful tool to calculate the
transport properties of thermoelectric materials, including bulk and nanoscale systems. In the present study,
we report the calculation of thermoelectric transport properties of bulk BagAugSiy clathrate on DET+NEGF,
and discuss the optimization of thermoelectric properties from the dependence of thermoelectric properties on
chemical potential and temperature.

Keywords: Thermoelectric generation, Phonon Glass and Electron Crystal (PGEC), Clathrate, BagAugSiy,
Electron transport properties, Density functional theory (DFT), Non-equilibrium Green’s function (NEGF)
method
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Fig. 1. Crystal structure for BagAugSio.
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Fig. 2. Model of BagAusSi4o device structure
for DFT+NEGF calculation.
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Fig. 3. Electronic structure and density of states
(DOS) for BagAUGSi40.
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Fig. 4. Device density of states (DDOS) as a
function of chemical potential for BagAugSiso.
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Fig. 5. Transmission spectrum for BagAugSiao.
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Fig. 7. Thermoelectric coefficients (a) Seebeck coefficient S, (b) electrical conductance G,

(c) electronic thermal conductance K., and (d) electronic thermoelectric figure of

merit Z.T at room temperature as a function of chemical potential for BagAueSiso.
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