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Fig. 1. Molecular dynamics model of SiC substrate coated with multilayer graphene films.
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Table 1.

principles calculation verification between SiC sub-

L-J potential parameter values and first

strate and graphene.

Force description o /nm(MD) ¢/ eV(MD) ¢/ eV(DFT)
C—Si
c—C

0.4073 0.008906989 0.00884012

0.3851 0.00455323  0.00461245

2.3 WEWIRHE5ERFERE
KH DXA i (dislocation analysis)?? 1851 SiC
AHAE 7 4526 A SR IDS 3% (identify diamond
structure)® LI SiC AHARLEFA Y.
#ofiy 5 R M 2 OC R ik =y BY
P= gErRl/QhB/Q. (4)
fg BT R A A

H:Pmax

A, (5)
kg R R A AN
_ Vn-S
ATV,
WA TR A, F2ik Ry 139
Ac = n(2R — h¢)he,

Pmax

hc:hmax_g g . (7)
Fefuh W EE TR A
dp _ m—1
S = (dh) . = ma(hmax - hf) : (8)

N, Prax HECRIRIREAT, B A7 AR, RIZ
FRIHRFAE, he MIEMLTREE, S AfEAtEIE, 5
Fon 5 ISR SCH BB, BROIBTRL 0 1, e &
5 SRR S B 8, W T BRI sl 3k
e = 0.75 5%, o Ml m 73 51|27 58 4= I HUR B Ak M

3 RGN
Hw5EREZE

P 2 o0 SiC L7 Ay 88 0 v I 11 2817 5 R
ML XR, ZE T ABEHEY (AA R AB) JEUM
AR B i IR (5 K) B i il (1000 K) 28k far
HERMZ& R 2. IE 2(a) 7], SiC HERAY
A8 Aoy Bt TR 44 R S s 2 3 K T 3 D PR R
T SiC HLIE N I EETEAZ SRS | A4S I 58 HAE
FH AR MEWT | 1785 PRI K ORI G2 7= A A %,
AFE SCHR [37) FH—20 A 2(a)—(f) RIHI, 14N
kISR, B 1.4 nm Z R, 267 5 %
IR MESC R, LA LIS A 8800 2 5 3
T, AEFRE AT 5 TR R M 56 2R Y TR AR LD B
&, BEFENEORGEENE, 220 BT

3.1

109601-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 10 (2024)

109601

Load/(10% nN)

Load/(10? nN)

(a) (b)

| siC 4lsiC+1nc
—5K — 5K
|— 300 K 33— 300 K
— 1000 K — 1000 K

Load/(10% nN)
N

0

1

Indentation depth/nm

2 3 4 5 0 1 2 3 4
Indentation depth/nm

(d)

| SiC+2LG+AB stack
— 5K
|— 300 K
— 1000 K

(e)
4 FSiC+3LG+AA stack
— 5K
3[— 300 K
— 1000 K

Load/(10% nN)
%

0

1

Indentation depth/nm

2 3 4 5 0 1 2 3 4
Indentation depth/nm

Load/(10% nN)

Load/(10% nN)

P2 SiCHERH 2 2 0 BRI I AU S5 AR I 2 C R

Fig. 2. Relation between load and displacement curve of SiC substrate coated with multilayer graphene.
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Fig. 3. Maximum load bearing capacity of SiC substrate coated with multilayer graphene at the maximum pressing depth: (a) AA

stack; (b) AB stack.
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Fig. 4. Surface morphology of multi-layer graphene coated with SiC substrate is affected by temperature and graphene stacking

type.
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Fig. 5. Shear deformation of SiC substrate coated with multilayer graphene under load is affected by the temperature and the type

of graphene stacking.
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Fig. 9. Effect of service temperature and graphene stacking type on interface contact mass distribution.
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Abstract

A large number of practices have shown that under the coupling influence of complex working conditions
and frequent reciprocating contact, the surfaces of semiconductor devices in micro/nano electromechanical
systems often produce adhesive wear, which is the essential reason resulting in short durability service life and
declining contact mechanical properties for microelectronics semiconductor devices. However, graphene can
significantly improve the interface properties of mechanical components and electronic components due to its
excellent mechanical properties, such as high carrier concentration, good thermal conductivity, and low shear.
Thus, the study of mechanical strengthening properties and plastic deformation of SiC material with covered
multi-layer graphene in MEMS devices will play a significant role in improving the durability service life of
MEMS device, and understanding its strengthening and toughening mechanism. Therefore, this paper studies
and discusses the effects of stacking type and extreme service temperature with low and high levels on the
contact mechanical properties (maximum load, hardness, Young modulus, contact stiffness), micro-structure
evolution, contact mass, fold morphology, and total length of dislocation. The atomic-scale mechanism of
enhanced mechanical properties of SiC material with multi-layer graphene is explained. The research shows that
the damage to carbon-carbon bond at the maximum indentation depth will lead graphene to lose the excellent
in-plane elastic deformation capability when the graphene stacking type is AB stacking, so that the maximum
load-bearing capacity of the substrate covered by three layers of graphene will drop linearly. In addition, the
mechanical property of SiC material coated with three graphene layers is twice that of pure SiC substrate, and
the strengthening mechanism is mainly due to the increase of wrinkle caused by the increase of multilayer
graphene loading, which causes the quality of contact between the SiC substrate and the virtual indenter to
decrease, thus increasing the interface contact stiffness. The increase of the active temperature will trigger off
the increase of the atomic vibration frequency, which will cause the number of interface contact atoms to
increase greatly, and the interface contact stiffness will weaken, and finally lead the interface contact quality to
improve, This is because the mechanical properties of SiC substrate coated with multilayer graphene will
decrease approximately linearly with the extreme service from low temperature to high temperature. In
addition, the stress concentration in the subsurface layer of SiC substrate can induce the evolution of its micro-
structure, and the increase of the number of graphene layers on the substrate can effectively reduce the stress
concentration distribution in the subsurface layer of the substrate.

Keywords: SiC material, multilayer graphene, mechanical strengthening, molecular dynamic method, contact

stiffness
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