) 32 % 3R Acta Phys. Sin. Vol. 72, No. 11 (2023)

113102

ETHK S BRARNSTEHS AR

4 ZFvE ZFLE #=AA
FIA  KEE KA

(FEdbl I REEB N TR R, E  071003)
(2023 4£ 3 A 3 HY3l; 2023 45 3 A 19 HikZIEUH)

P R AT (ITC) A GOK 28 R A B 1) SC AT 55 . AR SCR AR P 00 T sh 1 07 Ik ik 58 T 78
B AL A (Sn) 9K S iEAR (Si/Ge) ITC BN, BFFE K I, 7675 T bk F=IE 3k B A 3 S L R 1TC
B Sn 40K 5 A BRI 38 IS THR 6, FEHRA 4 4 Sn 40K A B TR I ) ITC 258 38 M (Jegk S A ) it
F 1,92 4% 38 1 T T 3% S R BORN 25 5 0T LUAIGE , TTC 38 60 J5 PR 2 75 1 B0 I P SO 45 20 in o, 145
(=l S PR IO R ST S RS AT IT TR E A . B ANOK B B I B — (R, 7R 0 S SO

A g £ FHLAL, ITC FF AR FEAR.

REIF: FHIAT, PR, Tl e, e

PACS: 31.15.xv, 44.10.+i

1 5 =

e SRR R A B A B ) L A AT 4
PERIB ARSI Z — (=4, 45 55 2 AR 25 1 A T 44
T ITC S8t U BE Y Bk 12 00, Bty b
(A T AT A3 o e A AL TR MRS B L iR 0
DA T 5 A i J3E S e 3 i (7100 4 Jia A (1)
FEMRRE T VL2, G BB A, BFSE T RERE B X A
=AY P Fp A T Al X0 Si/Ge BETIAL 5T
BRI RE . 5 R, BEERUDRE A8, 7Y
Tt LT (P A S R BIER, VR R L S S A
I R T 22.3% F1 11.1%. A8 {8 FHAEF
255y T8 J1% (NEMD) J7i, BF98 T Si/Ge B
S THIFI R fb b 25 R B T 037 B TR A5 Tl P A
B2 G5 RERM, th TR T AR HLR, R —
T /D JE AR A% AR G837 2 R 4 25
T TR G RN T g s (EURAE 2 AR R, i

DOI: 10.7498/aps.72.20230314

T RN, SRR G A A Y 5 5E 36 B
FH R IR, Han 45 9 58 30 55 — P+ o8
TR T 2 G 470 Z 6 WA /4 S o i)
o, AFE R T5 80t R kST A R Y
JRH, e TcR B E R /MR R mas S, A
M#m 1 ITC.

BR b2 Ah, ST AR AR A 948 K 25 44 2 —Fh 4
e ITC A RO ML 4 Lee 45 101 7E Al/Si #t
T3 L AREAIRZR AR S5, I3 3 s s s S5 2 il
PR ITC AR5 L A4 & 1 88%, X Al oik 3=
BT W THUOREE IR T S A i b m AR, gk
SRS U - B SR . FE IR T
XAPPUKR GRS AT RO S . Xu 55117
15 Si/4 H-SiC F Ak 51 A K R 805y, iz
NEMD W58 & 3:ITC £ 237 /5 1 FL i sl Mz
WIE 2 [RISEAILHI e, B 5| ASRBUE T AR
MIRER, HrsiEiE 2, ITC ARG K. Ma 409
1E Cr95Nig 75/MgO il Cry 9,Nig 75/ Al O - [ Ak

* ER A RFLERA (S 52076080) FIHLAE BRI S (HEHES: E2020502011) B BIAYEREL

t BIE1EH. E-mail: liuyingguang@ncepu.edu.cn
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

113102-1


mailto:liuyingguang@ncepu.edu.cn
mailto:liuyingguang@ncepu.edu.cn

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 11 (2023)

113102

AR KT 7.2 Af Cu gk a2, 4558 BoR
A Cu GOk hIEZ )5, PIFAT R ITC A
B R T 345 2.4 45, DFRAE h AT
P 5 1 R PR AR S A RO AR B T ORI
sk, 5 2200 R T RS 2F A A

Z L FJa Kk, ARSCHE S —FPAE B fT s A GK
RRIGSR TTC /Y7, 76 JEAR 3B 1 SE 06 1 45 7
AT AR L R ) TR E . AR 506 Sn 9K ATk
AF Si/Ge FiiH, RH NEMD J7 34 H S 44k
REMEAT TR T, [FIREITHE T8 PSS BT
PRESEMI S, R T PGSR, A
SCHYBIE ST BE A FE T 2 14 1) R AR £ e A s
g5

2 EAGHEYT E

AR NEMD B 15 B 5 i AR 70 4 %] 1
JiR, f3E T 2 FiOAS [k d B m 45 AR 1] 1(a)
SESEFLH S5 K 1K 1(b) IRA AL 4s A (B i A
Sn ZK 5454, Hirp Sn 9K S EHAZN 1.5 nm).
FE X, Y 7] L s W i AR, Z5 A S A
BT Z J5 W hn e R4 E. PR R
23 2 A R /N R e A R s 2 19 R e A
AP TE XOY BIE AN 22 UCx18 UC(UC
ri M RE ). SR T BRG] 7 A R A KRR
AT EAE Z 07 ) b, AR MR B A e LIRS
1B 5= A ST e

BT A B R 2 T LAMMPS #1424 37E47 201,
iFIE] 2 4K 2R 0.001 ps. B /SRR 5 E N 0 K,
FE R RE e/ IMEJEEHA R Ak, Hak 7RSS
TR L (NPT) WA 25 i, 78 T
R (NVT) WHFATHR, 6 RS2 7 fH iR 28 Oy
T TR PG Y TR R 320 K, I IR B Y IR B

" ...
(@) P

Z
s wegnm 7 X

El 1 NEMD g SR 2K

Bk

280 K, 25N 40 K. e, B FHOENRSE (NVE)
P, JEAR AR AR 2R P8 7 A 1R o R T TSR BB A
PFR . NEMD B0 21 9 15 B2 B IR h 26 n ] 2
JIE7, AN 2 P B T 2 i 22 18, Al AR
TIAL (I B BR AT . FETRTEAREL R 2 AT )30 B B
BR AT S5HGR J 0 HAE Y

R=AT/J.. (1)
P AR R AT G
G=1/R. (2)
P T TR N B2
1 d
e = A Ziehotbath &Ei (1), (3)

Hoh ENRESE; ¢ BTN E]; A SR A

7% E (phonon density of states, PDOS)
R T RGAESE BN SN R I, RS X
RAWAL, 4155 TR 2 HE R HOE B AR
A JE T3 B [ CEK R EL (velocity autocorrelation
function, VACF) 9 f# B 0 48 & 291 31 5 15 3|
PDOS:

PDOS(w) = /_ o e “'VACF(t), (4)

Forp g [ OCHK R (VACF) i R UE S
N

> (i (0)vi (1), ()

i=1
Hor N W JET S v () O £ 2 J1 R R
it v (0) R TFRIRIEE; () R

72 5% (phonon participation ratio, PPR)
BN TENSE, i TS5 AR
BB Le ). 5 kA SRl AL IS, AN A
FHS 5T RS, A2 530T 1, R
FR, S RN AL SRR

VACF(t) =

2=

| .
(b) i

(=

Wz

Z
fé5E wmm N

(a) SE T ; (b) WA T 454

Fig. 1. Schematic diagram of the setup of the NEMD simulation: (a) Perfect interface structure; (b) hybrid interface structure.
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Abstract

Regulating the interfacial thermal conductance is a key task in the thermal management of electronic
devices, and implanting nanostructures at the interface is an effective way to improve the interfacial thermal
conductance. In order to study the effect of the embedding of nanostructures on the thermal conductivity of the
interface, the effect of embedding tin (Sn) nanodots at the interface on the interfacial thermal conductance of
silicon-germanium (Si/Ge) composite material is investigated by using a non-equilibrium molecular dynamics
simulation. It is found that the phonon transmission function of the hybrid interface with embedded nanodots is
significantly larger than that of the perfect interface (there are no nanodots at interface). The enhanced
transmission function plays a role in facilitating the thermal transport at the interface, which enhances the
interfacial thermal conductance. The simulation results also indicate that the interfacial thermal conductance
changes nonlinearly with the increase of the number of Sn nanodots, firstincreasing and then decreasing. This is
attributed to the competition between two phonon transport mechanisms, which are elastic scattering of
phonons and inelastic scattering of phonons. When four nanodots are inserted, the interfacial thermal
conductance reaches a maximum value, which is 1.92 times that of a perfect interface. In order to reveal the
reason why the interfacial thermal conductance varies nonlinearly with the number of nanodots, the
transmission function and density of states of photons are calculated, and the result indicates that the
increasing of interfacial thermal conductance is due to the enhancement of phonons inelastic scattering, which
opens new channels for the interfacial phonons transport. As the number of nanodots increases to a certain
value, the elastic scattering of phonons gradually dominates, and the interfacial thermal conductance starts to
decrease. In addition, temperature is also a key factor affecting the interfacial thermal conductance. This study
shows that as the temperature increases, more and more high-frequency phonons are excited, the phonons
transmission function at the interface keeps increasing, and the enhanced inelastic scattering makes the
interfacial thermal conductance keep increasing. This study provides theoretical guidance for improving the

interfacial thermal conductance of electronic devices.
Keywords: interfacial thermal conductance, nanodots, molecular dynamics simulation, phonon
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