Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BEA SRR
ERE HUG 4R BB PR
Friction properties of suspended graphene

Li Liang-Liang  Meng Fan-Wei  ZouKun Huang Yao Peng Yi-Tian

5] Fi{5 B Citation: Acta Physica Sinica, 70, 086801 (2021)  DOI: 10.7498/aps.70.20201796
TEZE[7]1E View online: https:/doi.org/10.7498/aps.70.20201796
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

FT 5T 77 S e ) Ay SR R I PR SR AL R R A

Controllable nano—friction of graphene surface by fabricating nanoscale patterning based on atomic force microscopy

WIFEAEA. 2020, 69(10): 106801  https://doi.ore/10.7498/aps.69.20200124

A TG 5 A7 S O A ELAEH]
Interaction between borophene and graphene on a nanoscale

YIFI£4. 2019, 68(18): 186801  https://doi.org/10.7498/aps.68.20190692

BB S 3T B A SRR -5 AR R BE AP

Adhesion and nanotribological properties of folded graphene prepared by mechanical exfoliation

PPz 2020, 69(7): 076802  https://doi.org/10.7498/aps.69.20191825

LR SR M 0 B2 A A A 2045 2 [ B 45 0 1) 52 )
Influence of stiffness gradient on friction between graphene layers

PPz 2019, 68(1): 016801  https://doi.org/10.7498/aps.68.20181905

FHH LT S AR I 5 R Aol IR A S R 10 7 i

Coverage measurement of graphene film on metallic substrate using scanning electron microscopy

YrH2E4. 2018, 67(7): 076802  https://doi.org/10.7498/aps.67.20172654

ZRRAMES K T -5 1 s A RS ) SR T R BT R PR AT
Interface adhesion property between graphene film and surface of nanometric microstructure

YrH2E 4. 2018, 67(3): 030201  https:/doi.org/10.7498/aps.67.20172153


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201796
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200124
https://doi.org/10.7498/aps.68.20190692
https://doi.org/10.7498/aps.69.20191825
https://doi.org/10.7498/aps.68.20181905
https://doi.org/10.7498/aps.67.20172654
https://doi.org/10.7498/aps.67.20172153

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 086801

2P AEGEREE

Frrl

=LY

el

#HY ZHXY

1) (AR TR, Bl 201620)
2) (dbET AL TREMFT AT, LT 100094)

(2020 4£ 10 H 29 Bk, 2020 4E 12 H 9 HUk 2B k)

A SR AR S TR 3 R TR B /A oK DL R G b AT B R B R ). AR ST Si0,/Si 3R Bl 4 1AL
B, o5 A1 S8 0 R B A AL L, IR B S5 M. o P I T 7 S B T 9 8 T A S 1 S Ay S0 T B 1
SERRW: B A S IR AR T BE 5 ) LU R SO A S0 WY SR B0, ) ) 7 S A5 A sl b L R 4 i 8 0 A
THR . R A 8800 JRE 8 3G K, 1T A1 M B8 S 48 K, 87 A SR M 5 S5 A 20 1 BE 4 0 22 S B /N . AR,
S FH T 408 R B R, 8 T A 88 0 R S A5 A R 10 R A 0 A B B R, LRI A AR 1 R A MR AR L S A
Wi /I, T3 U ] JRE JBE A B0, AN TR) B AR P AR I R A A0l 5 S A B R SR T R A D AR A, B R T T Ab
ARTE Xof A B0 PR 5 BRI RA L, A A SR e A S A T AR R B R R RE AR A T BB R =

REEIR: AaS0, BRI, IR T WA, KR AR

PACS: 68.65.Pq, 68.37.Ps, 68.35.Af, 68.35.Gy

1 5

A, T/ ALHE R SE (micro- and nano-
electromechanical systems, MEMS/NEMS) 7£ Hi
T A ATBORBEE . T 2R A R Biok
N, R R T AR 2 T AR 1R E A R4 A
P [ A, AT B A 1 R 2 il T A SRR A
Y B ST RS S A8 B EE SICR , B0 R 2 MEMS/
NEMS i) RAFHETE AR B B8 S0 gk i
FEVE X MEMS/NEMS ()it — 4 % g BoA %

UEAF SR BIBE ST 4R Hh A7 S50 A 2 1H0 R4 1 FAy
JEE JEEARA I B4 33 PR O Ay s 0 B AR A 1
WIEE , 7 BE e it v By 7 A T S MR T AT 5 S50 45
JIER B FERI AR 2 S BOX — S A 22 5
B R4S 5 A T AR ] 410 8 A0 7 A DT (B
B0 IR SRR A SRR T SR =

ail%

t BIEVEE . E-mail: kouz@dhu.edu.cn
©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20201796

B, BE X Si0, HERHEAT A B TR AL BE LY 55 1
SRS R A RER 7, FR AT LA 8 ARz 18 59 ik
EESE TR E BL 534, W L TR
TR 3 2 28065 2 1T BE S T Bk O, R, 3
SRR A1 8200 55 eI T AMEIE , TR
JEAE T U1 6] LRI FEAT I 1) S 4% A 20 R 77
A SR I BRI, AT LR RISV X A S50 Y
S 1.

K A0 2RI BRI — AR I A SRR ASNE PR REAY
T % 0L AR RIS B, PR IRAS Y A 8
W2 B TET LR JE R T S A 8B4 1. Zhang
A5 120 S BN g r i mT L S 2 by s A ) TSR
. AT UL, SRR AT DA A S0 ) T SR 5
JE, BETA Y £1 S8 0 iR EE 5. (R, WFST B0
A SR I EE SRR T LLHEBR R IR (i 0224 37 fip
O 368 A1 M 2% T EE 45 7 4 52 WD R £ 80 114 JEE
BRSO RS S Ah, AR/ KL
R G SEBRRL T, 7 800 1] RE LRI RS AE,

http://wulixb.iphy.ac.cn

086801-1


http://doi.org/10.7498/aps.70.20201796
mailto:kouz@dhu.edu.cn
mailto:kouz@dhu.edu.cn
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 % 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 086801

PURSE Y EiIR 1R o AN TS N A T e = SE SR =
I I BEAEPE R T B Y, WA S5 M 7E MEMS/
NEMS g0 R AR AHE ).

JEF7185%% (atomic force microscope, AFM)
YERIFRAOR BRI B2 T H, K m PRy
RAE T LARE B FA TR 58 A0 SR AR e AN [PIRZS T JEE
TN 2E S A G T AFM (0 ) 8
HUIESE 7 AN )5 B8 A B g A B PR RS 5 SRS
(R EE B R Pk, X LE T AIOIR SR B AR L S
[F], IFor B 22 S5 S L ek, F9E T[R4
AR T BRI A SRR I B AR DL, TR
ANERVE T 7 85075 1 TR AR T 5 42 fk T RROGT B2 42
(Y SEI.

2.1 EBEZFAEHENHE

SEEGRT IR A Si0,/Si 3K (F 545 300 nm
J& Si0, A AL)JZ B Sifh F ). RA M2 5
MRk 2 PR TE S10, 2 180 21l S 245 43 A 1 [ L 1
F, RFLAY EAR R 3 um, BFLEIEE R 10 pm, RE
4 150 nm. Z|iH T HEE W BOE (buffered oxide
etch) ¥, LA 49% HF /K% :40% NH,F K iF
W= 1:6 (RFLEL) A9 L B B . 3 V80T B AR
P R, A SCH o NHF 32 g, 2B FK
48 mL, 49% HF /KW 9.8 mL. #& i il & F2 rp
ST P AR A A 4 S5 B 35 1 B Zilih
W SRR, YFLE/NT 5 pm B i T4
T TR P T 1 R 45 5 PR 2 o el 2 T e, PRI e o
TRIE O VER (BT 2L F AFM IR, (R TIE A AR 1
JERE % B 77 B AT . Z ik ) 56 S 3R 1hT 7% B8 O
JBE, A S B0 T AT R P VR, AR PR

#1 ERATHREGIE R

Table 1.  The reagent information used in the ex-

periment.
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Fig. 1. AFM topographic image with height of graphene.
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Fig. 2. (a) Topography of suspended graphene, the white box is the test area for suspended graphene, the white box is the test area

for supported graphene; (b) friction versus load data measured on the suspended graphene and supported graphene; (c) lateral force

curves (load of 150 nN) measured on supported graphene and (d) suspended graphene.
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Fig. 3. (a) Friction versus load data measured on the suspended graphene and supported graphene of different thickness; (b) the

friction of supported and suspended graphene of different thickness (load of 100 nN); (c) force-distance curves measured on suspended

and supported graphene of different thickness; (d) lateral force curves (load of 150 nN) measured on supported thick grapheme

(68 nm).
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Fig. 4. Schematic diagram of the friction process between
the tip and graphene under (a) supported and (b) suspend-

ed states.
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Fig. 5. AFM tip (a) without and (b) with pre-wearing pro-
cess before measurements obtained by scanning electron mi-
croscope (SEM).
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Fig. 6. (a) Force-distance curves measured on suspended and supported graphene under new tip and pretreated tip; (b) friction-load

image of the new probe tip and pretreated tip on the supported graphene and suspended graphene; (c) and (d) lateral force curves

measured on supported graphene measured by different tips (load of 150 nN).
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Friction properties of suspended graphene
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Abstract

Minimizing friction is a goal that has long been pursued in history. The role of micro-electromechanical
system and nano-electromechanical system (MEMS/NEMS) in electronic devices is becoming more and more
important. Due to the increasingly small size of the device, large surface-to-volume ratio leads to severe friction
and wear problems of the device, thus limiting its performance. Graphene is considered as a good lubricating
material in MEMS/NEMS due to its extremely thin size and excellent anti-friction effect. The study of nano-
friction properties of graphene is of great significance in further developing the MEMS/NEMS. In this work,
microporous arrays are prepared on a SiO,/Si substrate, and graphene is stripped on the micropores to form a
suspension structure. The friction properties of suspended graphene and supported graphene are measured by
using atomic force microscope. The results show that the nanofriction on suspended graphene is significantly
reduced compared with that on supported graphene. The supported graphene experiences a frictional
enhancement effect because of the puckering effect, while the friction enhancing effect disappears in the
suspended graphene. With the increase of graphene thickness, the out-of-plane stiffness increases gradually, and
the friction difference between suspended graphene and supported graphene decreases gradually. In addition, the
nanofriction properties of suspended graphene under new tip and pretreated tip are also different. The friction
between the pretreated tip and graphene is significantly higher than that between the new tip and graphene.
The surface friction difference between the suspended graphene and the supported graphene decreases when the
pretreated tip is used compared with the new tip. This work demonstrates that the deformability of atomic-
scale structures can provide an additional channel of regulating the friction of contact interfaces. By comparing
the changes of surface friction between the suspended graphene and the supported graphene with different
thickness and tip sizes, the influence of out-of-surface deformation on the friction of graphene is revealed, thus

providing theoretical guidance for effectively improving the friction performance of graphene solid lubricant.
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