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Thermal conductivity of silicon crystal and effects of point defect scatter
by molecular dynamics
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(1.Hubei Key Laboratory of Accoutrement Technique in Fluid Machinery and Power Engineering ( Wuhan University ) ,
Wuhan 430072, China; 2.School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China)

Abstract; For the existence of defects in material can affect thermal conductivity, we calculate the thermal
conductivity of perfect crystalline silicon and exam the effects of two types of point defect of vacancy and interstitial
on the thermal conductivity of bulk crystalline silicon by molecular dynamics simulation applying reverse non-
equilibrium method. The simulation results demonstrate that for scatter between phonon and defect, the thermal
conductivity decreases with the increasing concentration of both types of the point defect and it decreases rapidly at
low concentration condition and gradually gets flat with the increasing defect concentration. The loss of temperature
sensitivity to thermal conductivity is observed at relative high concentration condition. In terms of thermal
resistivity, the relative additional thermal resistivity is proportional to both types of point defect concentration
considered. Furthermore, considering the microcosmic aspect, the inverse relationship between the concentration of
point defect and the mean free path of scattering interacted by phonon and defect is deduced from this macroscopic
proportional relationship. Taking the slope of the proportional relationship as impact factor to judge the extent of
point defect effect on thermal resistivity (thermal conductivity) , it is found by comparing the impact factor that the
effects of both types of point defect on the thermal conductivity reduce with the increasing of temperature, and the
interstitial has a rather more decreasing effect on the thermal conductivity than the vacancy.

Keywords: point defect; thermal conductivity; reverse non-equilibrium molecular dynamics method; finite-size

effect; relative additional thermal resistivity ; mean free path
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Fig. 3 The temperature profile of the sample along z direction
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Tab.3  The effect of dividing degree of the sample along the

direction of heat flux on simulation results (500 K)
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Tab.4 The effect of time step on simulation results (500 K)

12/ fs J/(W- m?) k/(W-+ m' -K")
0.1 1.48 x 10" 38.91
0.25 1.26x 10" 38.87
0.5 1.25 x 10" 38.47
0.75 1.07 x 10M 38.77
127 8- 500K
=== 700 K 2
10 [ —e— 1 000 K R
o SCHR[12]@1 000 K 5
L
8 ’
4
§ r’. z‘)
§ 6 ," //
< ’./ /,’
4 /’ pmmeme *
/" R

0 02 04 06 08 10 12 14
n,/%
E 10(a) ARIBEREXIHREEE AW/ W, 5= ERER
En xR
Fig.10(a) The relative additional thermal resistivity AW/ W, as

functions of n, at various temperatures
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Fig.11 The impact factors (IF) of vacancy and interstitial at
various temperatures
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