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Fig. 1. Schematic diagram of the quantum friction

between two graphene sheets with SiC substrates.
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Fig. 2. (color online) Real (a) and imaginary (b) parts of reflection coefficient from suspended graphene

sheet; Real (c) and imaginary (d) parts of reflection coefficient from graphene sheet with SiC substrate. The

chemical potential of graphene is set to be u = 0.2 eV.

236801-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 23 (2016) 236801

3 AR5

R AT S UL T LS s M 9 2
B HT T AEE R E 9 s (R R SRR T p 1R
B R R 6 T B2 M 5 BAZE T T H B S R4
% 78 p fRRHER S B MOT I TR, Rk R (1)
M (2) KT R, TR R M R RO 6, TE

1.0
0.9
0.8
- 0.7
| 0.6
0.5

1507

Graphene

100

50

0 100 200 300 400 500
w/THz

1.0

0.9

0.8

150

100
| 0.6

Pl-;(,)m)ni(; mode 0.5
1 0.4
0.3
0.2
0.1

50

0 100 200 300 400 500
w/THz

1.0
OF N (o
0.8
1 0.7
0.6
1 0.5
1104
0.3
0.2
0.1

1507

100

Phononic mode

0 100 200 300 400 500
w/THz

2 s T p RRBER T A R I B T
B RS SR . A % AT DU
o A7 AR, U T BT Bt (112 (a)
I 2 (b)); TR T SIC-7 BHE S ke, 75 7
R 7Rt R 2 T B e B R 77 7 (112 (c)
R 2 (), % Tk e F TREat n B T BE B0 TR
AV TE T VAN 7116

1.0
0.9
0.8
1 0.7
0.6
0.5
1 0.4
. 0.3
0.2
0.1

Graphene

d 100 200 300 400 500
w/THz

1.0
0.9
0.8

- 0.7
. 0.6
0.5
0.4
0.3
0.2
0.1

150

50

0 100 200 300 400 500
w/THz

1.0
4— Plasmonic mode(f) 0.9
: ' 0.8
10.7
0.6

10.5
pi=p L 0.4

50 =0.20 eV Phononic mode 0.3
0.2
0.1

150 |

100

0 100 200 300 400 500
w/THz

K3 (MARE) %SRBI RS (a) AU £, p1 = 0.18 eV, up = 0.2 eV; (b) B4l £/,
pu1 = 0.2 eV, us = 0.2 eV; (c) SiCHEL (d) BLE @ FUNEEIR A EIE, e = 4.0, u1 = 0.2 eV, p2 = 0.2 eV;
(e) PASIC ARIRM A8, p1 = 0.18 eV, u2 = 0.2 eV; (f) LL SiC NI I, 1 = 0.2 eV, u2 = 0.2 eV

Fig. 3. (color online) Contour plot of the integrand in f5¥*" from Eq. (4): (a) Suspended graphene sheets with

chemical potentials of p1 = 0.18 ¢V and p2 = 0.2 €V; (b) suspended graphene sheets with chemical potentials
of u1 = 0.2 eV and pg = 0.2 eV; (c) bulk SiC materials; (d) graphene sheets with dielectric substrates, the

permittivities of dielectrics are € = 4.0, the chemical potentials are 1 = 0.2 €V and u2 = 0.2 €V; (e) graphene

sheets with SiC substrates, the chemical potentials are p3 = 0.18 eV and po = 0.2 €V; (f) graphene sheets

with SiC substrates, the chemical potentials are p1 = 0.2 €V and pg = 0.2 eV.
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for all samples are normalized with the maximum STF
for SiC.
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Abstract

In our daily life, frictions are very common when two bodies in direct contact relatively move. However, when two
bodies are separated by a finite distance, due to the quantum fluctuations inside the bodies, they may still experience a
friction when they relatively move. Such a phenomenon is often called quantum friction, which has been studied for more
than a decade. It has shown in previous studies that the surface modes, such as surface phonon polaritions (SPhPs)
or surface plasmon polaritions (SPPs) have significant contribution to enhancing the quantum friction. However, to
the best of our knowledge, the contribution of coupling from SPhPs and SPPs to quantum friction is still unknown.
Here, we report a detailed study on the quantum frictions between two graphene sheets with the silicon carbide (SiC)
substrates. For comparison, the quantum frictions between two other samples, i.e., SiC/SiC and graphene/graphene are
also studied. As indicated in previous studies, SPhPs and SPPs, supported by SiC and graphene, respectively, can couple
together in special frequency ranges. The coupling of SPhPs and SPPs can be tuned by varying the chemical potential
of graphene. The coupling modes shift toward higher frequency as the chemical potential increases. Firstly, we analyze
qualitatively the effects of coupled surface modes on quantum friction with the help of dispersion relation. Secondly, we
calculate the quantum friction coefficients numerically for the three different samples. We find that due to the coupling
of SPhPs and SPPs, the quantum friction between graphene sheets with SiC substrates is larger than that between
the SiC or monolayer graphene sheets. We demonstrate that the coupling of SPhPs and SPPs can be modulated by
chemical potential of graphene; therefore, the relationship between quantum friction coefficient and chemical potential
is also studied. We observe that with the increase of chemical potential, quantum friction coefficient follows a non-
monotonic trend, i.e., it first increases to its maximum value then decreases. We believe that our studies are not
only helpful in understanding the micro mechanisms of friction, but also meaningful in the fabrications of micro- and

nano-electromechanical systems.
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