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Fig. 1. Diamond/CNT model and calculation principle: (a) Diamond/CNT model; (b) calculation principle.
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Fig. 2. System temperature distribution and ITC at different temperatures: (a) Temperature distribution; (b) variation of ITC with

temperature.
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Fig. 3. VDOS of diamond and CNT close to interface at different temperatures: (a) 300 K; (b) 500 K; (c¢) 700 K; (d) 900 K.
(e) VDOS at system interface at different temperatures; (f) overlap energy of diamond and CNT close to interface at different tem-

peratures.
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Fig. 4. Temperature distribution and ITC of diamond/CNT
system with different CNT layers: (a) Temperature distri-

bution of the system along z axis; (b) variation of ITC with
CNT layers.
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Fig. 5. VDOS of diamond and CNT close to interface with different layers of CNT: (a) 2 layers; (b) 3 layers; (c) 4 layers; (d) 6 lay-
ers; (e) 8 layers. (f) VDOS at diamond/CNT interface with different CNT layers; (g) overlap energy of diamond and CNT close to

interface with different CNT layers.
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Fig. 7. VDOS of diamond and CNT close to interface with different CNT length-to-diameter ratio: (a) L/d = 2.3; (b) L/d = 2.6;
(¢) L/d=3.0; (d) L/d = 4.5; (e) L/d = 6.0; (f) L/d = 12.4. (g) VDOS at diamond/CNT interface with different CNT length-to-dia-
meter ratio; (h) overlap energy of diamond and CNT close to interface with different CNT length-to-diameter ratio.
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Table 1.

AEASIRYG S A T 2
ITC results of orthogonal test.

Number ITC/(MW-m 2K ') Number ITC/(MW-m 2K ')

1 146.21 9 614.33
2 237.72 10 816.90
3 394.06 11 135.93
4 528.635 12 430.075
5 249.165 13 1264.37
6 103.735 14 788.3

7 1208.075 15 267.035
8 553.91 16 137.12

X IE AR A5 R AEAT AR T, 13 53R 2 45
R, HA K (1= 1, 2, 3, 4) ARADRZRE 1K
FHFEFRZ M R 2R K, FRRES R/ MEZ 22
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Table 2.  Range analysis of orthogonal test.

Level Temp/e;ature Di&;r;lriter Layers L;}Eih

K 326.66 568.52  130.75 643.16

K, 528.72 486.66  296.00 547.98

K 499.31 501.28  587.65 399.31

K, 614.21 412.44  954.50 378.43

R 287.55 156.08  823.75 264.73
Optimum level 4 1 4 1
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Abstract

Diamond, an ultra-wide band gap semiconductor material, is an ideal material for high-power, high-
frequency, high-temperature, and low-power loss electronic devices. However, high-frequency and high-power
working environment leads to ultra-high local hot spots. Thermal interface material (TIM) is urgently needed to
improve interface heat dissipation. Carbon nanotube (CNT), a brand-new generation of TIM, has ultra-high
thermal conductivity (6000 W/(m-K)) and is expected to solve the heat dissipation problem of diamond
semiconductor.

Based on this, we first propose to combine diamond and CNT to improve the performance and stability of
semiconductor device, reduce packaging size, and achieve miniaturized design of devices. Here we use reverse
non-equilibrium molecular dynamics (RNEMD) method to study the thermal transport characteristics and
interface thermal conductance (ITC) at the diamond/CNT interface. The results reveal that increasing CNT
layers enhances the overall vibration density of states (VDOS) of CNT and shifts the peak value towards the
low frequency band, which is more conducive to interface heat transfer. Alternatively, the enhancement of the
phonon overlap energy strengthens the coupling vibration of phonon and thus improving the efficiency of the
interfacial heat transfer. Moreover, in a certain range, the increase of system temperature and CNT length-to-
diameter ratio can raise the cutoff frequency of the VDOS of diamond and CNT near the interface and the peak
value of the low frequency band. This further improves the coupling vibration of phonon on both sides. Finally,
by orthogonal test simulation, the optimal value of ITC is determined to be 2.65 GW/(m*K) when the
temperature, chirality, layers and length are 900 K, (6, 6), 6 layers and 5 nm respectively. This result greatly
exceeds the current ITC of general semiconductors/metal. Compared with general composite materials,
diamond/CNT composite material has great potential to enhance heat dissipation. Furthermore, according to P-
value test, the number of layers has an extremely significant influence on interfacial thermal transport, while
the influence of length, temperature and diameter decrease in turn.

This work provides insights into optimizing heat transport at diamond/carbon nanotube interface and will

be beneficial for device thermal management and chip material design.
Keywords: carbon nanotube, diamond, interface thermal conductance, molecular dynamics
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