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Molecular dynamics simulation of AFM
scratching on silicon with varying load
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(School of Physics Science and Engineering, Tongji University, Shanghai 200092, China )

Abstract: A series of molecular dynamics (MD) simulation are performed to study the surface
deformation behavior of silicon substrate scratched by an atomic force microscopy (AFM) probe. A
modified MD model is established, a quantitative index is proposed to describe the pile distribution,
and the structure recognition algorithm is used to reveal the generation process of non-crystal layer.
On these bases, the effects of scratching velocity, tip radius and probe wedge angle on the
scratching process are investigated. Results show that (1) The scratching velocity has little effect on
the groove surface. The piles on substrate surface are the least when the scratching velocity is less
than 0. 3 nm/ps or greater than or equal to 1.5 nm/ps. (2) The probe wears and tears when the tip
radius is less than or equal to 1 nm. The probe deforms elastically when the tip radius is greater than
or equal to 1.5 nm. The tip radius should be 2-3.5 nm for the best scratching results. (3) The large

wedge angle helps to reduce the piles distributed on the substrate surface.
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Fig. 1 The model of AFM scratching

FLIR K Si AL, ]S A 31 nmx12 nmx7 nm,
WAL AEER . HiR)Z . Az =X
o 1B R R E LB L R 1R i
s P E TR AR 293 K 4=
Hlssh i1, AREsMZR s, Hizglh
AR o A A

REHE RS P R SR RS,
HHENS , RS M3 250, 10°, el 17°,
LY T nm. PREPEEIRFEIRTIUR 18°, WK 2 fr
Ao SEVTERBIERE], FHAERRN3 nm, /NT
LPRRIET R . REFBOAERIAR, A ETET R
IAEESR . ERE . AR A, e
AT S SR A AR TR AR 2 i e v B



%2

O i, 5. AFMARZERfT 21K 5 F 3l 124 5% ¢ 59 .

Y™

Jafh A
B2 RetRE
Fig.2 The model of AFM probe
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Fig.3 A schematic diagram of the pile distribution
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Fig. 4 The pile distribution on different scratching velocity
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Fig.5 The vertical view and lateral view piles distribution on different scratching velocity
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Fig. 6 The pile distribution on different probe radius
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Fig. 7 The vertical view and lateral view piles distribution on different probe radius
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Fig. 9 The pile distribution on different probe wedge angles

BUF, BREF R HE A R Y R A A Y a=
0.25 i, JAREAMNYIEKZ ; 4 a=2.008F,
AR SMUYI B . IIRRE AT LR, HE A
XPVAAE I B AR S Z AR B, 24 o S8,
A A2 ) SR BE RSO BT s

Zil, bAibE a XSG RIMBG KIGEHE, X
a=2.00 i}, biKBNHKAE . a WIHE R VARG Y R
TSR BAT W 52
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