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Abstract

Non-equilibrium molecular dynamics simulation on the thermal boundary resistance(TBR) of an aluminum(Al)/silicon(Si) interface
was performed in the present study. The constant heat flux across the Si/Al interface was simulated by adding the kinetic energy in
hot Si region and removing the same amount of the energy from the cold Al region. The TBR estimated from the sharp temperature
drop at the interface was independent of heat flux and equal to 5.13+0.17K-m”GW at 300K. The simulation result was experimentally
confirmed by the time-domain thermoreflectance technique. A 90nm thick Al film was deposited on a Si(100) wafer using an e-beam
evaporator and the TBR on the film/substrate interface was measured using the time-domain thermoreflectance technique based on
a femtosecond laser system. A numerical solution of the transient heat conduction equation was obtained using the finite difference
method to estimate the TBR value. Experimental results were compared to the prediction and discussions on the nanoscale thermal
transport phenomena were made.

Keywords ' Thermal boundary resistance, thin-film, molecular dynamics, time-domain thermoreflectance technique,
nanoscale heat transfer
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Aol 2 Qe deFAte] U] g 54 et EAAA

ahuke] AZ3 A7to g vhEoix|= Uizl 9 MEMS o] geix]= A4S BRItk (Hopkins, 2013). whebA], &3}
(microelectromechanical systems) A4 132 3}e} 738t A d AAIE H8l Az 44 54 gt F et Hrket
s Ao whel g S 288 9 o2 ogk AlEy olelj7} 420t}
Aet 59 A7 B RIWe] oiFEaL glem, o] sj4ds}] olg gt HoA EAbeshe Al XY A5 ol
Sfal @A dAC Fade] ZxE L At sARE, YeaAY stal o & 4 9l WHES A Cho, 2007; Shin,
Az 5L A71EH e osto] AXES a2y, 5 2012: Jung, 2012). #AEes o8¢ IAAANI
7] A R 5492 0|7F 22 Ao e] o] Ad ARE BE AlEdold 52 vEY A B R s

&/g-2 AEZQ F2lo (fourier) AR W02 o Z3]7] st} He A|Edo]A9] A9 Green-Kubo2] 544k o] 2
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o

e T3 o)F B2 7F HEHA LAYse AEAA ] (fluctuation—dissipation theorem)el Wz} u]i& G7e] 2P|
B AANABAM = T2 HE WA 2slo] JakZ oAt A8k (auto- correlation function)?] S Eé A4F 715
WAl ge] 724-¢ g9zt A2S o|F 1 9n) siujete 249 31 (Frenkel, 1996), H|HE AlEdolde 2% & &4
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A orakith(Ikeshoji, 1993).
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It (Ikeshoji, 1993: Miiller-Plathe, 1997). T3+ AlE
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Fig. 1 The geometry setup and dimensions. The total

simulation box corresponds to 12x3.3x3.3nm>. Green

shaded regions indicate hot and cold reservoirs located
at each ends. The width of the reservoirs is Tnm
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o7} 747+ ~30A9) ajBeitt. LvE-LdRu|E, Ao
A 3 dFnE-deEe] 28-S modified embedded

atom method(Jelinek, 2012)< E3te] AlAkslitt,

2.1.2 AEgeld 4

A4 Conjugate Gradient(CG) ¢u2lES 53l 125
HAgEI¥N e, HyYAEe oM (equilibrium simulation)
FP& Boto] AlzEl FRIF U AUAE HASA7IH 93]
(relaxation)2 4 U= sttt A2l AAHE 72
2 2 3lo} o3l Bt mH YAZF AHulA] (reconstruction) &
Ae #FE F ddnh. =3, HEH gFnE A Alo|9
Aele 2.23Ac% HAgEAY. FE Algolde WA

E.

Nosé-Hoover Schemes E3le] 2% 300K, ¢¥ Obar<

NPT ¥3E(ensemble)& T3ttt 147 Ax210] A&
H oz W RE Y S AYstd dAte] o W ol
& gatalom, y B W ARl A48 A 2719
gl wet o] &5 St z, y B 2 W] T oY
218 95k] AF 2719 pressure coupling=s A-2313 T},
Ins &< NPT %3 Algdolde Fad¢ 5, 4o 275
133 T AslE 4= =S 1nse NVT 33 AlEgolAS

9
=
oloA F=80815it}. A7 (time step)+ 1fs, Nosé- Hoover

AZH¢4(time constant)= 0.1fsE &8st
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BE e 22 F =S & F, AL AlEY oS I
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ol Bt ARIHAIE 0.5 A& o, wlf AlRFeA T}
A&How do| FFI AATL o] FANES ot BE
AlE#e]Ae LAMMPS(Large-scale Atomic/Molecular



Massively Parallel Simulator) Package(Plimpton, 1995)
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Fig. 2 A schematic picture of the time-domain
thermoreflectance measurement setup
AOM: acousto-optic modulator, HWP: half-wave plate,
LNS: focusing lens, MRR: mirror, OBJ: microscope
objective lens, PBS: polarizing beamsplitter,
PD: photodetector, RR: retroreflective mirror
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Table 1 Material properties used in the numerical analysis

A A

=

Properties Aluminum Silicon
Density(g/cm®) 2.7 2.33
Specific heat(J/kg K) 900 700
Thermal conductivity (W/m-K) - 148
Reflectivity 0.87 -
Absorptivity (um ") 136 -
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Fig. 3 Time evolution of temperature gradient.
A steady-state is reached after 1ns
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Fig. 4 (a) Time-averaged temperature gradient along the z-axis. A7 indicates the temperature drop at the
aluminum/silicon interface (b) Linear temperature gradient in the hot silicon side (c) Linear temperature gradient
in the cold aluminum side
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Fig. 5 A plot of the thermal boundary resistance
measurement data
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