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Theoretical simulation of the contact mechanics
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SPM simulator

1.Rapid AFM simulator for
tip/sample/image
11A.Geometrical Mutual AFM
Simulator (GeoAFM)
Rapid image estimation by the
geometrical method
1B.Finite Element Method AFM
simulator (FemAFM)
Complement GeoAFM by
numerical calculations of finite
element method
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SPM image 9
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structure guess

MR A ET R AR REER
(S in &t 81 53 4 il - #R 3R BRI FE

[EETO—JEMESS21L—4%12004~2007, 2009~2011

~n_ e - 2\ > 1 s SRV |

{3. AFM image simulator for

atoms/molecules/nanostructures
3A. Geometry Optimizing AFM Image
Simulator
(classical force field method,
Molecular Mechanics)
3B. Molecular Dynamics AFM Image
Simulator
(the classical molecular dynamics)
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2. Soft Material Liquid AFM Simulator
(LigAFM)

Oscillation analysis of cantilever in liquid,
AFM analysis of the visco-elastic sample,
High-speed mode AFM analysis

Analysis of the multiple-frequency excitation
Numerical calculation of the cantilever's
elastic deformation and the fluid resistance
using the mesh
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4. Quantum mechanical
AFM/STM/KPFM Simulator

High-precision image estimation
by Quantum mechanics

DFTB method,

PR-DFTB method
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“Observation—simulation” comparison type simulator

‘ Observed \ = Optimal tip structure guess I
ver r |

SPMimage | =, [Optimal sample structure guess}
SPM experiment Q Modeling of simulation
Observed image |_Simulated Image
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Quantitative comp@ product method
New experiments Improved models — |

Model reconstruction
with optimization/neural network approach



AFM images by the geometrical
3. AFM image simulator | (7o o0 method and the force method

for atoms/molecules/ : :
for tip-sample-image

nanostructures o R
Using only geometrical
Calculated by condition = —
Interaction Geometrical L; -‘J
force condition

The case of
collagen

a few hours(WS) . < than 1 sec(PC)

M.Tsukada, K.Tagami, Q.Gao, and N.Watanabe,
Current nanoscience 3 (2007) 084005




Applications of the AFM simulator Using classical force field,

2
3. AFM image simulator
for atoms/molecules/ AN = I”fo = —L J. F(Acos@+ L)cosGdb
nanostructures 2kAT 0

AFM image of DNA by C tip

AFM image of pentacene by a CO tip
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structure fixed

*constant height *constant
frequency

=calculation time _ _
=calculation time

20 min with PC 3 hours with PC

simulation
simulation
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experiment L
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Non-Contact AFM image of methyl group on Si(100)/H

A. Masago et al, Jpn. J. Appl. Phys., 48, 025506 (2009) 4. Quantum mechanical AFM/
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Nano-mechanical experiment on GFP (Green Fluorescent Protein)
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Mechanism of suppression of light emission

-Simulation of nano-mechanical experiments

CM/MM
T, Kodama, H.Ohtani and A.lkai, Appl. ONIOM
Phys. Lett. 86 043901(2005) )
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Theory and simulation of
Kelvin Probe Force Microscopy(KPFM)

two conductors

far from each other ed bias V
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by apprpaching With appli

- Dq()
| Eq /\ - VCPD /l VCPD_ V
E; + - i
VCPD E}Zj ! ‘ ‘
Dg= C<Z)VCPD Dqg(V)= C(z)(VCPD— V)
Contact potential difference Vceo is 1 e (z2) ,
a global(averaged) quantity, == > s —— V= V)

but in KPFM experiment, it depends

on the tip position ?!

How is the local contact potential Viceo
difference explained?



What is the Local Contact Potential Difference Vicep?
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With approach
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\ 7 transfer
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The local contac
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E(x) ( $ l
) E(x)
i X) =E(X) ~Ex(X
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Local Contact Potential Difference

Vi (X) = B (X) = B (%)
Vao(X) is determined by

nano-scale surface
potential governed by local
charge distribution,

but approach of the tip
and the sample modifies
the local charge
distribution.



: : hat is the “Local
Simulation of KPFM Images What is the “Local Contact

Potential Difference” ?
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Partitioned real space
DFT based tight binding method

PR-DFTB method
+perturbation
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Electronic state charge

<% ) {@T}apr (r)
solve electronic state of Tip with | ___-{-—-—-""" U

C potential field of Sample >
solve electronic state of Sample ' | {gois} s Ps (r)

with potential field of Tip |

[ For a given charge transfer ) q ]

£
Fermi level offset , i.e., applied bias and force
are determined for this charge transfer, then

perturbation for
Viero , local contact | the chemical force

EA(Dg)- EEDq)= e (Dg)-V,0pp) Potential difference Ef}
determined




KPFM image of Si(001)-c(4x2)

-image of local contact potential differnce-
effect of embedded imturity atoms
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Method for fluid dynamics on 2D

: 0 0 i
Flow function ¥ —= v_ =+ y =¥ Velocity component

8)/ 4 Ox of fluid

. 0’ v,
vorticity ., — a)_@xvy_@yvx —> 2 8y2 LA

From Navier-Stokes eq.
ov | 0w |:5lﬂ ow 0O 66{):| N 1 {azau 82?}
ot

(V V)V —VP+R—AV —) ot Ox ay Ox el ox? Oy

. negligible

Closed equation of (1)
solved by FEM

Force felt by cantilever is
given by

F = §(P+—jdz
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Force-distance curve by MD simulation;
mica in water by a CNT tip

MD simulation
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Comparison between the theory and the experiment

Experiment
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For the case of wetting
Surface energy for th
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l-vac 2—detach 1-2
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