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Classical molecular dynamics Code

WHY LAMMPS ?

Good Scalability

Feasibility (User-package)

Well-Documented/Well-Communicated
(Special Thanks to Steve)

Huge Community

Transparent

Open-Source

Atomic-scale simulation



I ALSO HAVE USED LAMMPS IN MY STUDIES SINCE 2012

§ Calculate diffusive lattice thermal conductivity of Graphene

§ Non-Equilibrium molecular dynamics (Direct method)

§ Length : ~ 16 µm (around 5M atoms)

§ Tersoff potential with the parameter set*

§ Results : 3,200 W/m-K at 16 µm

J. Appl. Phys. 114, 053506 (2013)* Optimized by Lindsay and Broido



Lattice Thermal Conductivity Calculation

I. Simulation Modeling

m = 4 (Supercell width)

l = 140 – 64,000 unitcell (Transport length)

Lattice constant = 2.45 Å, Thickness = 3.35 Å

Thermostats = 64 unitcell (each ends)

Last each ends are suspended



Lattice Thermal Conductivity Calculation

II. Calculation Details & Issues

Fourier’s law : 𝐽 = Κ ∆"
#

Heat flux (J) can be calculated by cumulative E (Ecum)

𝐸$%& 𝑡 = 𝐸'() 𝑡 − 𝐸*(+, 𝑡 /2

Calculate slope, E as a function of t at the steady state



Lattice Thermal Conductivity Calculation

III. Results

Κ,-..%/-01 of Graphene is 3,200 W/m-K at 16 µm

This is also well-match with previous reports

Mode-independent phonon MFP = 865 nm (ref. 775 nm)

(Phenomenological high-order heat transport eq.)



Lattice Thermal Conductivity Calculation

Minimization Quenching NEMD

Relaxation

conjugate-gradient method

Main Calculation

Fix each 64 unitcells set cold sink and hot 
source (thermostats, NVT)

Mid-area thermal transport area (NVE)

Quenching

NVE – NPT – NVE – NPT -NVE



Lattice Thermal Conductivity Calculation

§ Set up units, atom style

§ Load atomic coordinate

§ Define interatomic forcefield

§ Set up variables



Lattice Thermal Conductivity Calculation

§ Run Relaxation and NVE calculation

§ After that repeat twice NPT and NVE

(To remove artificial defect on the system)

§ Next step, thermal transport calculation



Lattice Thermal Conductivity Calculation

§ Run main calculation

(At that time, there was not another choice)

§ Today, there are several thermal 

conductivity calculation packages available.



Lattice Thermal Conductivity Calculation

§ After finish calculation, do post-process 

(python code, house-code)

§ Finally, I get nice figures !

HOWEVER, “ANYONE” COULD DO THIS?



THERE ARE MANY BARRIERS TO ENTRY SIMULATION
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