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Abstract

In this paper, thermal interface conductance between Aluminum (Al) and Silicon (Si) with
nano-structured defects was calculated using non-equilibrium molecular dynamics (NEMD). By removing
part of atoms at interface region, a cylindrical protruding (hollow) interfacial structure was built. The effect of
defects on the thermal interface conductance was investigated. The results showed that, as the size of defects
increases, the interface resistance is considerably increased. Moreover, there is no linear relationship between
the thermal interface resistance (1/G) and the simulation cell size (1/L) when the interface defects is
introduced. The heat current is decreased and the interface temperature difference is increased in the
meantime, which contributes to the deduction of thermal interface conductance. Besides the contribution of
atomic level disorder at interface, the cylindrical protruding(hollow) defects provide more interface resistance.
The interface defects not only decrease the contact area but add more boundary scattering of phonons. The
MD simulation results suggest that the nano-structured defects has significant effect on the thermal transport

across the interface.

Keywords: thermal interface conductance, aluminum, silicon, non-equilibrium molecular dynamics, phonon

scattering.
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Fig.1 Models of sandwiched Si-Al-Si simulation structure. (a) and (b) correspond to interfaces with cylinder
protruding; (c) and (d) are interfaces with cylindrical hollows. (c) showed the sectional view of the structure.
(b) and (d) presented right hand side half of the Silicon and the cylinder structures at interface.
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Fig.2 The simulation cell of Al(8x8x20)/Si(6x6x15) before and after the relaxing process is presented. (a)
and (b) have cylinder protruding at interface with defected area fraction x=0.5; (c) and (d) shows the
interface with cylindrical hollows with defected area fraction x=0.3. For observation, (c) and (d) shows



a few layers of atoms near the center with a thickness of around 0.54nm. After the relaxation, the

interface shows a disordered atomic structure. The atoms in this figure do not present their real volume.
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Fig.4 The dependence of interface resistance on defected area fraction and system dimension. G:is the
interface conductance with defected area fraction {. The superscript * denotes the interface with cylindrical

hollows, others correspond to cylinder protruding at interface.



306

m =0
- (a ® (=03
304 |- @) & dros
302 |
> 1 ’ 3
L 300 [ ] ]
3 =}
@ L
3 $ %
S 208 - *
(]
l_ =
296 |
294 |- Si Al Si
1 . | . 1 . 1 N 1 : 1 .
0 5 10 15 20 25 30
75 distance (A)
2ol (B)
6.5 |-
6.0 |-
. B8
& N
I—E 50
< L
45
i —l—g=0
40 |- ——=0.1
. —e— Q:03
35| —4—(=0.5
- ——(*=0.3
30 . | . 1 N 1 N 1 N 1 . | . 1 N
0 2 4 6 8 10 12 14 16

L (nm)

5 (a) REERREEIILLEC. MBMISCA AL (8x8x32) /Si (6x6x24) [MI4EH) . (b) FLTHIE Z 754k o
Fig.5 Comparison of temperature profiles (a) and interface temperature difference (b) at different defected
area fraction (. (a) presented the temperature profiles with Al(8x8x32)/Si(6x6x24).



