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Abstract—The electronic and phononic band structure of
silicon nanowires embedded in SiGeg 3 is calculated and used
to investigate its effect on the thermoelectric properties by
Landauer approach. The contribution from elec-tron/hole on
power factor and electronic thermal con-ductance is less than
that from phonons on lattice ther-mal conductance.

Index Terms—Landauer Approach, Silicon Nanowire, Ther-
moelectric

I. Introduction

Thermoelectric (TE) energy conversion materials have
been attracting attention for use in solid-state power
generation devices. The dimensionless figure of merit (Z7")
is the parameter used to indicate the performance of TE
energy conversion materials. Z7T" is given by the equation:

2
T - S<al , (1)
Kph + Kel
where S is the Seebeck coefficient, o the electrical conduc-
tivity, spn the lattice thermal conductivity from phonon
and k. the electronic thermal conductivity from electron.
To achieve ZT > 1, the first is to reduce the lattice
or electronic thermal conductivity in the denominator of
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Fig._l. A high—density_array of _SiNWs wit_h a 10-nm di@mt_ater in
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TABLE 1
List of parameters used in the simulation of electronic band
structure and phononic dispersion [8].

. Electron mass (m.) Hole mass (m.) Bandgap
Materials
my my mp, my, eV
Si 0.98 0.19 0.49 0.16 1.12
SiGep.3 1.14 0.12 0.41 0.10 1.00
. Elastic constants (GPa)
Materials
Cu Ci2 Caa
Si 165.8 63.9 79.6
SiGeop.3 154.6  59.2 75.8

matrix which describes second-order strain energy den-
sity [3]. Here C is a 6 x 6 symmetric matrix that has
21 independent elements. Since the silicon have a cubic
symmetry, the number of independent elastic constants
reduced to three, Cy, Cya, and Cyy.
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Fig. 2. Phonon Energy dispersion for bulk silicon along with the
specific symmetric k-points.
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Fig. 3. Calculated conductance as function of the Fermi level for

Fermi Level Eg (eV)

SiNW (solid red line) and bulk silicon (dash blue line).
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Fig. 5. ZT as function of the Fermi level for SiNW-SiGeg. 3
superlattice (solid red line) and bulk silicon (dash blue line).

mal conductivity by Eq. (4) and Eq. (5). Fig. 4 shows the
lattice thermal conductivity with a comparison between
bulk silicon (zero SINW density at x-axis) and SiNW-
SiGeg 3 superlattice. The simulation shows reduction of
thermal conductivity around almost two orders for SINW-
SiGeg.3 superlattice as the experiment results [5].

Figure 5 shows the calculated ZT as function of the
Fermi level with contribution of electronic and lattice
thermal conductivity. The main difference comes from the
lattice thermal conductivity so that the Z7 can reach
around 0.01 for SINW-SiGeg 3 superlattice (at the Fermi
level around -0.4 eV) and Z7 is in value of less than 10~4
for bulk silicon, which is also two order smaller than that
SiINW-SiGeg 3 superlattice as Fig. 4.

IV. Conclusion
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