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Abstract

Semiconducting clathrates are attracting a great deal of attention as potential candidates of
thermoelectric material based on a design concept called Phonon Glass and Electron Crystal (PGEC). Since
most of the thermoelectric clathrates are n-type, developing a p-type clathrate with high thermoelectric
performance is an important issue. In this study, the electronic structure and thermoelectric properties of
BagCugGeyg clathrate are calculated based on density functional theory (DFT) to search for new p-type
clathrates. An energy gap is formed in the electronic band structure of BagCugGeyo, and the Fermi energy lies
in the valence band, indicating that BagCugGeyg is a p-type semiconductor. The effective mass of the valence
band is larger than that of the conduction band. The Seebeck coefficient for p-type is larger than that for
n-type, reflecting the difference in effective mass. According to the dependence of Seebeck coefficient and
electrical conductivity on the chemical potential, adjusting the Fermi energy, corresponding to the carrier
concentration, to the optimum value improves the power factor. Therefore, the results of DFT calculation

show that BagCugGeyy has excellent properties as a candidate for p-type thermoelectric materials.

Keywords: Thermoelectric generation, Phonon Glass and Electron Crystal (PGEC), Clathrate, BagCugGeyy,
Electronic structure, Electron transport properties, Density functional theory (DFT)
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KR FA S OEINIMT THZ ANV Y —, HAETRET
INVF— BT RINF =R LB HEFN LA OB
FEHBNORWOERIEELRETHL HERE
WX, BT O AGES, EEPEE, LNGH#, BARBLY
Bea R RFI BT BRI ANF—~NEELRLTHAT
LEMTHY, ZOEUANOHEFFREoTWE 2,
BEREIV -y 7R EFH L -EERETICL D8
POBRNOEELRTHY , TOEBRHFIIEFME
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AfEEE e, BOBZERcZDOMEFET LV 0F
D EERITCERBHRRIEEZT = S 20 T/k (TIIAEXHREE)
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BEMEOREHRSL LT, B2 WRET L7+ VI
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mMOXIIRBEIWE, 2FV 7+ V- FFA- L b
v+ 21 A%V (PGEC: Phonon Glass Electron
Crystal)® ¥ O H 5.7 FAL — P BRI OB
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DRV H/ONL L L, D7 FAL— il
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HIZH EEE5720103, G s BT HES LU
BRELONEOFFMEZ ML, TOHMRERDLIE
BRYITHD % o JT4E, 75NV 7 B O DB # 2 6 TN
IR EA LR ROB X MO EIZBVTIE
A7) — v % (NEGF: Non-Equilibrium Green's
Function) #: %6 H L7 % B MBI EE R (DFT: Density
Functional Theory) {232 < &8 (DFT+NEGF) 234
NeFHheroTwa 2D, ZZTAMAETIE,
BagCugGe oD pIBEH £ & LTOFRFEZHO ML
WLOW LS Z L2 HMWE L, DFT+NEGF i
£ D %fﬁ: Lf.:BagCusGe.mO)ﬁ%l‘%ﬁio‘ & Uﬁ%%ﬁ‘:
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(Pseudopotential) iZPseudo Dojo, £ %% (Basis
set) ixMedium ¥, ZZABIKR 7> 2 ¥V (Exchange
correlation) ®FHF I — LA R AU (GGA:
Generalized Gradient Approximation)?® %[ L7,
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Fig. 2. Model of BagCugGeso device structure
for DFT+NEGF calculation.
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Fig. 3. Band structure for BagCugGeso.

Table 1 Effective mass of M-point

Band k-direction m*/my
VB (No.376) [100] 2.879
[010] 0.133

[001] 0.173

VB (No.377) [100] 0.133
[010] 2.849

[001] 0.174

CB (No.378) [100], [010] 0.453
[001] 0.419
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Fig. 4. Fermi surface of valence band
(band index No. 376) and Brillouin zone.
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Fig. 5. Density of states (DOS) for BagCugGe,o.
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Fig. 6. Projected density of states (PDOS) for
BaacUsGe4o.
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Fig. 7. Local density of states (LDOS) for
BagCugGeyo.
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Fig. 8. Seebeck coefficient as a function of
chemical potential for BagCugGeso.
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Fig. 9. Electrical conductivity as a function of
chemical potential for BagCugGeao.
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Fig. 10. Electronic thermal conductivity k. as a
function of chemical potential for BagCugGeao.
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Fig. 11. Power factor as a function of chemical
potential for BagCugGeao.
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