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Molecular Dynamics Simulation on the Thermal Boundary
Resistance of a Thin-film and Experimental Validation
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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 Kkinetic 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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apo] 2 Qe YaFAte] oldA] A 54 uket DA AA
Hhate]l AZ3} Ao R RHEoR]E it 9 MEMS o] dex] = @S Hvh(Hopkins, 2013). wabA, &3
(microelectromechanical systems) AlA4€] 51314 8}e} 738t ARl AAE st A7) G BEA gt A3 Btk
st Ao vt v St d8E 9 du)Re| o AEY o|&|7} B4Ao|r},
A3} 5ol FAZF B RIS vlE L glem, o] F sldE] olg g oA EAbsd ke UeaAYd A9 4
23 dA AA Q] EaAdo] ZbzE L ). SR, YeaAY star &g = ' WHES AlFe(Cho, 2007 Shin,
AR BAL A71aH ot AR va2n, o 2012: Jung, 2012). ¥A4598s o8 dAAANT
Aol BAA ZET 542 0|7F A2 AcM 9] ouA] e AE B AgHeld &2 HHE AEHolHlR Te
GFe A8 Feol(fourier) AL W02 d53p) sk, 98 A1 Bao]de] A Green-Kubod] HE—2AF o] 2
ZAAA (fluctuation—dissipation theorem)®l @} v]ik A7) 27|

et} 3 o) B 7 HES A BAE= ¢
AE AANABAM = T2 HE WA 23lo] Pk BT A3k (auto- correlation function)d<S B3 ALt 1%

@ ol

P

theAlR9) 24 R AEE olFa Uk shiehe 237

&P (Frenkel, 1996), B E Algdold2 2= 7S 94
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X & FF/AAGA @ 5 B fFAE O]"ﬂ

Joke 2 THE SHEt] AF 3 ANk WS
AleratA v} (TIkeshoji, 1993).

o, WAl mo] dAAANGS AEA0R 24T 5 e

= WEAOE 3w 7 AREEY IWAlE 71,
FoE g9 duke 7Y ol ok 53] MEMS 4%
ARgEte] Alm R AEAS FAdslof s 3w 7T
o] ¥|AEA B3k wpH oz wule oA EXNS uﬂﬂsﬁ}

AWALE T 4 vhenlE o] 3 vtele] AR

= —.::/\F%EF’% dFrlE
e 73 Hd—% &350t OLEU]
%34 Eq*Eﬂﬂr A kA s MEMS AXelM &
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28 AoJale] & IS BAek= B)E T AJEg o) W %
g, o] Wl A Al zHle] ouAE sk A3}
At (Tkeshoji, 1993: Miller-Plathe, 1997). gt AJ&
dlo A3HE A%37] 93] 90nm ) LRl vioe
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Fig. 1 The geometry setup and dimensions. The total

simulation box corresponds to 12x3.3%3.3nm°. Green

shaded regions indicate hot and cold reservoirs located
at each ends. The width of the reservoirs is Tnm

104 et=MMTFEIss] =27 M323 HM25(2019.4)

olX

FNAAZRAE A8t dgap] Adte] dFvlE & 4
Zke] ok Ae] 2 w9l Azpe] vt Z3ske AV 2 AlE
dlold o] A71E At =5,y B 2 PR )
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Azt vl g Ao Zol7t 27k ~60A, ¥ B & WE Fo

Zo|7} 247k ~30Ad) dgeit}, dEnE-LEuE, deld-
AlE 2 gFnE-del e 2422 modified embedded

atom method (Jelinek, 2012)& E3lo Axbslict,

2.1.2 &gl 24

WA Conjugate Gradient(CG) E318]EE Bt +x&
HAglelgon], FEAE# o4 (equilibrium simulation)
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(relaxation)® + =% st A2 AAHL +x
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Z219] pressure coupling= 2-&399tt.
BE AEgeiS 98 5, A A7E
13e 5 g8lE F YRR Inse NVT 28 A Egod&
ojo]A] 4aaitt. AlZFdAl (time step)+= 1fs, Nosé~ Hoover
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AlEYo] e 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

st A3 A 718 AFARRE 2R (Kim,

2012)°l 71A1=] o] gt
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Table 1 Material properties used in the numerical analysis

pal
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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. 5 A plot of the thermal boundary resistance
measurement data
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