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Molecular dynamics study of AFM-based nanoindentation of
monocrystalline copper film

HUANG Yue-fei, LI Hong-ping

(School of Mechanical & Electrical Engineering , Jiangxi University of
Science and Technology , Ganzhou 341000, China)

Abstract: In order to investigate the Atomic Force Microscope(AFM) based nanoindentation process
of monocrystalline copper film, a three-dimensional molecular dynamic simulation model of nanoinden-
tation process was established. The Morse potential was used to compute both the effect of interac-
tions between the specimen atoms, and between specimen atoms and indenter atoms. Nanoindentation
processes were conducted to evaluate the indentation depths (0, 0.361, 0.722, 1.083 nm) on the in-
denter stress and variations of system potential energies. The results show that the plastic deforma-
tion via amorphous transformation is caused by the mechanism of nanoindentation of monocrystalline
copper film. With the increase of indentation depth, both of the variations of system potential energies
(range of —83 900~ —83 400 eV at the maximum indentation depth) and the force (range of —0. 3~
70 nN at the maximum indentation depth) increase, which shows a strong size effect.
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Fig.1 Three-dimensional MD simulation model for

nanoindentation
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Tab.1 Morse potential parameters

Rk D, (eV) ro (nm) a(1/nm)
Cu-Cu 0. 343 0.262 6 13.59
Cu-C 0. 100 0.220 0 17.00
C-C 2.423 2.522 0.255 5
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Tab. 2 Computational parameters of MD

simulations for nanoindentation
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Fig. 2 Indentation process of monocrystalline copper

at different stages
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Fig. 3 Curve of indenter stresses and displacements

in different indentation depths
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Fig. 4  System potential energies and displacements

in different indentation depths



%114

HBR KL AR T AFM Y 8 4 5 R (9 20 1 Sl 1 £ AT

2075

W T AR AR I 2R G RE A BT B O B 15 Lk 1Y
(R e N k- SUR s e S = (UL N V2R
et XE 4 Bl AR AT LUK B B TS A
TREERYSE TN - 2R G RE 838 B 19 e KA BE 2 38 m 3%
Je T HOR o AR B AL A S R H S S 2
L (H 2 ) 280 i P R 4 RE i 10 2 fl R R A
IAl .

4 %

F UL A Hr o] LA R DL 4598

(1) P it 0 b BB 1) 49 DK R I 1) g 2 L B
fl s A AT

(2)Fifi & = A UR B 1 38 s TR 2k 32 ) Bl 2 4
s 52 T30 7% Hly 4 A 30 O I 43 IR w5 B s A
VREE B3I (0~ 1. 083 nm) B, 2 48 #HE ik 5 (19
S RAB 3 d5e KO TR BE 6 R R G A b
—83 900~ —83 400 eV {HJEA [H] JE AR B /Y [&

AN T) e AR BE T Bt A B A K TR e .

R T R G RE I AL AL R R A A R 5 ok 2
T3 R (e R B AR BEXS /Y % J 2 — 0. 3~
70 nND AL 5 B ROST 00E

ASCHEH =480 T8 J1 AT I e T 4

S % Lk

[1]

OLIVER W C, PHARR G M. Improved technique for determining hardness and elastic modulus using load and dis-
placement sensing indentation experiments [J]. Journal of Materials Research, 1992, 7(6): 1564-1580.
LRk, BE-& )R A MR SN ) AR IR IR T )], R F ALK . 1988(2) : 78-82.

MA T F, CHENG J J. An indentation method for measuring the interface stress in glass-metal composite []J].

AFM B9 A8 15 R 5 047 (0], 6 5 # % T42,2007,15(5) : 725-729.
SHI L Q, ZHANG SH G, SUN T,et al.. Test and analysis on nanohardness using an AFM-based system [ ] ].

SHI Y F,MICHAEL L F. Simulations of nanoindentation in a thin amorphous metal film[J]. Thin Solid Films,

[2]
Guangzue Jirie, 1988(2):78-82. (in Chinese)
[3] x#k.5kmE.F%E, %
Opt. Precision Eng. . 2007.,15(5):725-729. (in Chinese)
[4]
2007, 515(6): 3179-3182.
[5]

(6]

(7]

LIU CH L, FANG T H, LIN J F. Atomistic simulations of hard and soft films under nanoindentation[ ] ]. Materi-
als Science and Engineering. A,Structural Materials : Properties,Microstructure and Processing , 2007, 452-453;
135-141.

FEie Rk R BETRT BB T3 1 E YUK R ARBEFEL) ). Uk T A2 5 3, 2004,40(6) ¢ 39-
44.

HUO D H, LIANG Y CH, CHENG K. Study on the nanoindentation via atomic force microscope and molecular
dynamics [J]. Chinese Journal of Mechanical Engineering » 2004 ,40(6):39-44. (in Chinese)

ZHANG J J, SUNT, YAN Y D. MD simulation of effect of crystal orientation and cutting direction on nanometric
cutting using AFM pin tool [J]. Chinese Journal of Chemical Physics, 2007, 20(6): 619-624.

EEB A WK RA974—) BTV S R YR, 22 S A K AR ILAR L BB 55 U5 T A9 BT 5T . E-mail: hyl@mail. jx-

ust. cn





