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Silicon-germanium (SiGe)1 nanowires and Si/Si1-xGex superlattices2 show promise for 

application as efficient thermoelectrics because of their low thermal conductivity, below that of 

bulk Si1-xGex alloys (Fig. 1). Addition of quantum dots at the interface between layers of the SL 

has also been shown to decrease thermal conductivity3,4. Lattice thermal conductivity in 

nanowires is dominated by partially diffuse scattering at the boundaries, while in superlattices it 

is dominated by scattering from the rough interfaces between layers, even at room temperature5. 

Therefore, boundary and interface properties, such as roughness, orientation, and composition, 

are expected to play a significant role in thermal transport and they offer additional degrees of 

freedom to control the thermal conductivity in semiconductor nanostructures. 

We demonstrate the sensitivity of the lattice thermal conductivity in SiGe nanostructures to the 

properties of their boundaries and interfaces, based on solving the phonon Boltzmann transport 

equation under the relaxation time approximation. Previous calculations relied on treating the 

interface scattering with an empirical specularity parameter, which is then adjusted to fit 

measured data. In this work, in order to accurately treat phonon scattering from a series of rough 

interfaces with a given rms roughness height (Δ), we employ a momentum-dependent specularity 

parameter p(q) that is the fraction of specular reflections to the total number of reflections from a 

rough boundary (0<p(q)<1). p(q) is obtained from the momentum-dependent specularity 

parameter for a single boundary or interface6 p(q)=exp(-4π2Δ2q2cos2θ) by averaging this 

specularity parameter over the distribution of roughness heights on the surface of a nanowire or 

the many interfaces present between the successive layers in a superlattice. 

Diffuse boundary scattering usually gives a phonon a lifetime that is proportional to the smallest 

distance between the boundaries; however, in the case of SiGe alloy-based nanostructures, strong 

alloy scattering due to the difference in mass between the Si and Ge atoms plays a significant 

role (Figure 1). We show that, in the calculation of the total phonon lifetime, there is a 

competition between surface roughness and internal scattering mechanisms which include 

Umklapp phonon-phonon, impurity, and isotope scattering. The expressions for τphonon and τisotope 

were previously shown in Ref. 6. The full thermal conductivity tensor καβ of a nanowire is 

computed as a sum over all phonon momenta and branches. In the case of a superlattice, the two 

alternating layers are combined in series for cross-plane transport through the SL, and in parallel 

for in-plane transport along the plane of the interfaces. Results for 4 nm SiGe SLs (Fig. 2) show 

a strong anisotropy of thermal conductivity due to the directional dependence of the phonon 

velocity and boundary scattering 7. The computed values of κ show excellent agreement with the 

measurements on Si1-xGex SLs 2 (Fig. 3 and Fig. 4) at both high and low temperatures. 
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Figure 1. Thermal conductivity of bulk SiGe 

alloys, showing a strong variation of thermal 

conductivity with the germanium proportion x 

due to mass difference between Si and Ge. 

Figure 2. Thermal conductivity of a 9 nm 

period Si/Ge superlattice in the cross-plane 

direction (blue diamonds), and a 4 nm period 

Si/Ge superlattice in both the in-plane (black 

circles) and cross-plane directions (red 

squares).  

 

Figure 3. Thermal conductivity of a 3.5 um 

Si0.9Ge0.1 alloy film (black) and a 15 nm 

period thickness Si/Si0.4Ge0.6 alloy superlattice 

(red). Dashed lines indicate lattice thermal 

conductivity, while solid lines include the 

electronic contribution. 

 

Figure 4.Cross-plane thermal conductivity of 

Si1-xGex/Si1-yGey superlattices showing strong 

decrease due to combined effect of alloying 

and interface scattering.

 


