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if we set mi = M∀i,
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1D Solid
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1D Solid with random disorder
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under constant pressure and temperature conditions was used

to equilibrate these systems.

Following initial equilibration, a RNEMD technique34

was employed for determination of thermal conductivity.

Periodically, atoms with the smallest energies in a region at

the center of the sample were exchanged with atoms having

the largest energies at the ends of the sample. The regions of

energy (and momentum) exchange were confined to one

[001] lattice plane at each end of the sample and a pair of

[001] lattice planes at the center. The thermal conductivity

of the solid was determined from the extracted energy flux

and the corresponding temperature gradient developed as a

result of this energy exchange.

To verify the appropriateness of the Stillinger-Weber

potential in these simulations, the thermal conductivity of

silicon containing its natural isotopes (4.6% 29Si, 3.1% 30Si,

92.3% 28Si) was determined using a Green-Kubo based equi-

librium molecular dynamics (EMD) technique, the details of

which can be found in Refs. 35–37. A 512 atom system

(4� 4� 4 unit cells) was equilibrated at 300 K followed by

extraction of the heat current autocorrelation function from

data generated out to 5� 106 time steps (5 ns). The derived

thermal conductivity using this approach was 160W/m-K

for silicon containing its natural isotopes, in good agreement

with experimental data at 300K (Ref. 12) and other EMD

derived values for silicon containing its natural isotopes.38

We note that in the case of an isotopically pure 28Si solid,

the simulated 300K thermal conductivity is approximately

220W/m-K in agreement with previous equilibrium molecu-

lar dynamics simulations of this material.38,39

Four types of solids were examined in this work

(Figure 1). In each case, 20% of the atoms were mass-altered

in the form of either (1) a random alloy in which the mass-

altered atoms were randomly distributed throughout the solid;

(2) a superlattice in which the mass of each atom in every fifth

[001] lattice plane was altered; (3) a random multilayer in

which the mass of each atom in randomly selected [001] lat-

tice planes was altered; or (4) a disordered random multilayer

in which the mass-altered atoms were distributed about the

random multilayer mass-altered planes as determined by a

Gaussian probability distribution function with a standard

deviation of one lattice plane. In the case of the random multi-

layer, 80 atomic planes (corresponding to 20% of the atoms)

were randomly selected using a pseudorandom number gener-

ator that produced a uniform probability distribution in the

range from zero to one, with the mass of atoms contained in

the atomic plane being altered when the random number gen-

erator produced values less than 0.2.40 In all cases, to elimi-

nate issues associated with poorly known potentials and to

focus on the opportunities presented solely by mass disorder,

the bonding remained that of Stillinger-Weber silicon.

III. RESULTS AND DISCUSSION

The simulated thermal conductivity at 300K as a func-

tion of mass ratio (pseudomorphically grown layer atomic

mass/silicon mass) is shown in Figure 2 along with the experi-

mental data from reference 12 for silicon (containing its natu-

ral isotopes). Isotopically pure silicon simulated using the

reverse equilibrium molecular dynamics technique shows a

substantial reduction in lattice thermal conductivity when

compared with the experimental data and the EMD simulated

data, due to the artificially reduced phonon mean free paths

provided by the finite size of the simulation box. For the mate-

rials simulated here, thermal conductivities less than 1W/m-K

were verified to be free of size effects by doubling the length

of the simulated structure in the [001] direction and observing

no change in lattice thermal conductivity.

In the case of the superlattice structure, the thermal con-

ductivity decreases from a size effect limited value of 20W/

m-K to a value of approximately 0.5W/m-K as the mass ratio

is varied from 1 to 10. We note that this range is experimen-

tally accessible with the column IV elements Ge (mass ratio

2.6), Sn (mass ratio 4.2), and Pb (mass ratio 7.4). A decrease

in the mass ratio from 1 to 0.1 (noting that C produces a mass

ratio of 0.43 and H a mass ratio of 0.03) also produces a no-

ticeable reduction in the lattice thermal conductivity for the

superlattice structure. In the case of the random alloy, the

reduction in lattice thermal conductivity is found to be similar

to that found in the cases of the superlattice structure.

The results for the random multilayer show a substan-

tially reduced lattice thermal conductivity over both the

random alloy structure and the superlattice structure with

FIG. 1. A schematic of the four silicon like solids explored in this work. (a)

Random multilayer, (b) disordered random multilayer, (c) superlattice, and

(d) random alloy.

FIG. 2. Simulated thermal conductivity as a function of mass ratio for the

indicated silicon based solids at 300K. Ideal random multilayer (blue), mass

disordered random multilayer (red), random alloy (yellow), and superlattice

(green).
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