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1. Introduction 

Figure of merit ZT for thermoelectric applications:  
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Seebeck coefficient =-∆V/∆T Electrical conductivity 

Thermal conductivity 

In order to enhance ZT, we study the thermal conductivity,  
especially by phonon. 

In this work, we are interested in HOW MUCH a phonon propagation can 
be reduced by introducing interfaces 



Si/PtSi heterostructure 

As an example, we want to study phonon tranpsort in Si/PtSi 
heterostructures 

(1) PtSi layers are easily formed  on Si by depositing relevant metal compounds. 

Si 
PtSi 

(2) It is known that the associated degradation of electrical conductivity is 
     relatively small 

(3) The large acoustic impedance mismatch between Si and PtSi may be 
     advantageous in preventing phonon propagation. 



2. Calculation method 
We use a Harrison  potential model  

 Nearest neighbor interaction 
 Bond-stretching and Bond-bending modes 
 Simple bond-length dependence inferred from the Stillinger-Weber  model 



Thermal conductance formula 

 Green function from the Lagrange equation of motion and the dynamical matrix 

Dynamical matrix : 

 Transmission function from the NEGF 

 Thermal conductance 



3. Device structure 

Unit cells for transport = 2 Si +3 PtSi 

Si (FCC) Nearly equal cross-section 
=1.092 nm x 0.546 nm PtSi (Orthorhombic) 

Si unit cell PtSi unit cell 

Transport direction 

 Device structure by arranging unit cell along  the phonon transport direction. 

Pt 
Si 

PtSi layer 

PtSi layer 

Si layer 

Si layer 

Si layer 



Atomistic model for interfaces 

We obtain a interface model by  a molecular dynamics method 

Molecular dynamics 
 by Stillinger-Weber potential 

Minimal model:   Atoms in Si layer move freely while fixed all atoms in a PtSi layer 

NSi=480 NMDstep=100000 Δt=0.76 fsec 

Interface 

Stillinger-Weber 
potential 

Unknown 



PtSi phonon dispersion 

[Orthorhombic  unit cell and 1st BZ] 

VASP (DFT) + PHONOPY 
 - PAW potential 

 - GGA exchange-correlation functional : PBE 

 - kinetic energy cutoff : 400 eV 

 - ionic relaxation : F < 0.0001 eV/Å 

 - 2x2x2 supercell (4x6x4 MP k-point)  

In order to find equilibrium PtSi parameters, we perform ab initio calculations. 



Origin of the phonon band gap 

20~28meV 

Si vibration 

Pt 
vibration 



Fitted phonon dispersion 

The overall width of the acoustic and optical bands is in accordance with the that of 

ab initio calculation 

Ab initio Fitted result 



4. Numerical Results 

Calculated transmission functions vs. number of PtSi layers  N 

Thickness of PtSi = 8.89 nm 
Intervals = 8.18 nm 
Cross-sectional area of unit cells = 0.55nm x 1.09 nm 
 (Oh, et al., J. of App. Phys. 117, 245102,2015) 

Transmissions as a function of energy Normalized 
transmissions 



Suppression of transmission 

Feasible explanations 

(1) Acoustic mismatch between Si and PtSi 

(2) Atomic structures like amorphous Si 

An acoustic mismatch method (AMM) predicts  about 2 
times suppression for a normal incident case 

0.2 0.3 0.4 

M. Ishimaru, et. al., PRB 56, 15133(1997) 

The suppression of phonon transmission originates partially dissimilar elasticity and 
partially the deviation of atomic structure from a crystal Si. 



Thermal conductance 

Calculated  thermal conductance vs. number of PtSi layers  N 

Thermal conductance  as a function of  
temperature 

Normalized thermal conductance 

The additional suppression of thermal conductance originates from the lack of 
propagation modes in the energy range from 20 to 30meV. 



Dependence on parameters 

Detailed PtSi Harrison potential parameters are less important  

We examined three sets of parameters 

dotted lines : parameter I 

DFT: O. Beckstein, et. al., PRB 63, 134112(2001) 

PtSi Ref. 
 

I 
(Fitted) 

II III 

C11 29.10 
 

20.16 
 

19.86 
 

20.66 
 

C12 
 

15.1 
 
 

0.91 
 

5.50 
 

7.09 
 

C44 
 

9.03 
 

8.32 
 

7.51 
 

8.15 
 

0.036 0.027 0.032 



5. Summary 

 We examined the phonon propagation through multiple Si/PtSi 
 heterostructures  based on an atomic vibration equation. 

 We showed that the insertion of a PtSi layer substantially reduced  
the transmission function, as well as thermal conductance. 

 The suppression was nearly 30 times at room temperature  
      in the case of three PtSi layers. 


	Calculation of phonon transmission in Si/PtSi heterostructures
	1. Introduction
	Si/PtSi heterostructure
	2. Calculation method
	Thermal conductance formula
	3. Device structure
	Atomistic model for interfaces
	PtSi phonon dispersion
	Origin of the phonon band gap
	Fitted phonon dispersion
	4. Numerical Results
	Suppression of transmission
	Thermal conductance
	Dependence on parameters
	5. Summary

