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Abstract

The effect of Ga—P co-doping on the electronic structure has been investigated for p-type clathrate thermoelectric
semiconductor BagCugGeyo by density functional theory (DFT) to study the possibility of carrier control. In BagCusGeyo,
the Fermi energy Ef lies in the valence band, and BagCusGey is a p-type degenerate semiconductor. For Ga—P, Ga,—P,
and Gas;—P co-doping, the EF lies in the conduction band, the energy gap, and the valence band, respectively, indicating
that the p/n carrier type and carrier concentration change with the Ga/P ratio. In comparison with BagCugGey, the effect
of Ga—P co-doping on the energy dispersion relation at the valence band edge is greater than that at the conduction band

edge. Therefore, the effect on the effective mass is greater in the valence band than in the conduction band.
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Fig. 1. Crystal structure of BagCugGeqo.
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Fig. 3. Structure model of BagCugGeso
co-doped with (a) Ga—P, (b) Ga>—P, and (c) Gas—P.

Table 1 Lattice constant of optimized structure

by DFT calculation.
Material Lattice constant @ (nm)
BagCusGeaso 1.08421
BagCusGaGesoP 1.08587
BagCusGa,GessP 1.08598
BagCusGasGes7P 1.08547
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Fig. 4. Band structure for BagCugGeyo, BagCusGaGesgP, BagCusGa,GesgP, and BagCusGazGes7P.

Table 2 Effective mass at M point.

m*/mo
Material Band
[100] direction [010] direction [001] direction

CB No.368 0.453 0.453 0.419
BagCueGeso VB No.367 —0.133 —2.849 —0.174
VB No.366 —2.879 —0.133 —0.173

CB No.369 0.564 0.484 0.493
BagCusGaGezP VB No.368 —0.636 —0.132 —0.174
VB No.367 —0.251 1.304 —0.278

CB No.369 0.548 0.443 0.464
BagCusGaxGessP VB No.368 —0.620 —0.120 —0.167
VB No.367 —0.235 1.785 —0.270

CB No.369 0.546 0.415 0.446
BagCusGasGes7P VB No.368 —0.698 —0.127 —0.166
VB No.367 —0.226 1.924 —0.270
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Fig. 5. Density of states (DOS) for (a) BagCugGeso, (b) BagCusGaGesgP, (c) BagCusGasGesgP,
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