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INTRODUCTION

The Afomic Force Microscope (AFM) measures the inferaction between a fip and
fhe sample through the detlection of a canftilever,

photodiode
Consfant height or constant deflection

_ cantilever v, (fopography) modes..
fip

surface
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INTRODUCTION

The Afomic Force Microscope (AFM) measures the inferaction between a fip and
fhe sample through the detlection of a canftilever,

photodiode
laser

Consfant height or constant deflection
(fopography) modes..

cantilever

7 J
surface \/

or we can measure Force VS, Distance :‘

f\ v et EpUlSiVE

attractive

Force

. see adhesive processes
. low resolution:

Hysteresis . tip/surface damage:
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INTRODUCTION

Non—Confact Atomic Force Microscopy also provides topography and 3D force
maps with atomic resolufion,

high frequency Low frequency . ' :

oscillafing cantilever
constant amplifude (usually)
At & force

self —excited
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« heavy averaging signal

little tip/surface damage |
True atomic resolufion: |
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INTRODUCTION
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The excitafion R is a measurement of the mechanical energy AE lost by the
system during The oscillation cycles,
\
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distance dependece




P B 1 B | B %R =R 4R SE B i B B . SR SR SE SR 4B | |
- e s W s s s v W e W O W W W W " v " v W " v v " v " W '=s

INTRODUCTION

The excitafion R is a measurement of the mechanical energy AE lost by fhe
system during the oscillation cycles,
\

—

tnternal

o —

Are hysteresis and R related somehh
% external R R R

‘Dissi,pati,ow

distance dependece

.. and why bother?
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INTRODV

The excitation R is a measurement of the m
system during the oscillation cycles,

tnternal

o

‘Di,ssi,pati,ow

Are hysteresis and R relafed

% external

dissipafion

/I [389
Vertical Ets (meV/cycle)

CTION

echanical energy AE lost by the

—
—

distance dependece

somehN
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and why bother?

offen Af = AE

sometimes Af = o

Dissipation is not well understood:
access To new physics?
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EXPERIMENT

The studied systfem is an NaCl (001) flat surface, The Si fip was crashed in the
surface before measuring.

Static Force Spectroscopy Dynamic Force Speciroscopy
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« No surface damage / fip change - DFS & SFS force agree well
. Sfochastic behaviour . Dissipation not so much:

. Average hysteresis —» dissipation
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SIMULATION S
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The idea is to simulate one oscillation cycle, gef the force curve and its
hysTeresis,

Full dynamical simulation is required:

. molecular dynamics
. tip oscillation

a new code is needed:

N et 4 e e e BT



SIMULATION

The idea is to simulate one oscillation cycle, gef the force curve and its
hysTeresis,

e e &

-

P e e

- e

&
=
4
.
A
4
o
8

- -

e =

e e

-

= s



e P R P PR EEEERE e eEREE R R EE R e e eEeeeseEE

SIMULATION

The idea is to simulate one oscillation cycle, gef the force curve and its
hysTeresis,

Full dynamical simulation is reguired:

. molecular dynamics
. tip oscillation

a new code is needed:

N s o s DV G, i Y

Full 6PV implementation is +100x faster:

. max 12000 threads
. one Thread per afom
e => 20 systems in one run:
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SIMULATION

Then we build a model for fhe fip and the surtace. (Preferably NaCl based)

Basic Tip: 4x4x4 NaCl cube e
+ thermostat + holder :
Too stable, no hysteresis:

E-meV/cycle

Es(meV/cycle)

Basic fip, apex cut
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SIMULATION

Then we build a model for the fip and the surface.

Basic fip: 4x4x4 NaCl cube
+ thermostal + holder

g
st

Basic fip, apex cut

g

(Preferably NaCl based)
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SIMULATION

Then we build a model for fhe fip and the surtace. (Preferably NaCl based)

Basic Tip: 4x4x4 NaCl cube AT A R e R e R R R
+ thermostat + holder
Too stable, no hysteresis:

E 0,001 eV/cycle

Es(meV/cycle)

0 0.705 1.41 2l 2.82
Y (A)

Main process: atom adsorplion is reversible
Other process: displacement of second layer
<E»=0,02 eV/cycle still foo small

Max E for all The cycles is 0,08 eV

Basic fip, apex cut
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SIMULATION

Let's fry an Mgo Tip instead.

Basic fip: 4x4x4 NaCl cube
+ thermostal + holder

Eq(eV/cycle)
o < €2
o o o
N w H

=
(=)
pt

0.00




. & 1 B | 5 1B 1 | R 1B
- e v e s s s s v v s e v s s s " W " w s @ @ w s @ s @ = ==

SIMULATION

Let's fry an Mgo Tip instead.

Basic Tip: 4x4x4 NaCl cube
+ thermostal + holder

E, (eV)

0.20F
§ 0.15¢
}’E’ o.10k surface
= chain response chain
O 0.05F ypture formation
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Eq(eV/cycle)
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0.00

0.705 1.41 2.115 2.82 3.525 4.23 4.935 5.64
y (A)

o

. nice 2 dependence on the active site
. the Tip pulls chains from the surface
. probable surface decoration
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SIMULATION

These Tips failed:

Simple NaCl based Tips

’ . Too stable / different mechanisms

Simple Mgo tips

Too unstable / different mechanisms

We need a more realistic Tip,
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SIMULATION

Lef's make the fip the ‘real” way:

Basic MgO..

3

Ve
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SIMULATION

Lef's make the fip the ‘real” way:

Basic MgO..

N

roughening..
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SIMULATION

Lef's make the fip the ‘real” way:

Basic MgO..

N

roughening..

imolevaaTiaﬁ...

Slow AFM cycle close to fhe surface.
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SIMULATION

Lef's make the fip the ‘real” way:

Basic MgO..

cleaning..

roughening..

N

molevw’(aﬁ&:l...

Slow AFM cycle close to fhe surface.
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SIMULATION

Lef's make the fip the ‘real” way:

+ 1 ns relaxation

Oxide+NaCl
Basic MgO.. nanocluster

cleaning..

roughening..

N

imolevaaTiaﬁ...

Slow AFM cycle close to fhe surface.
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SIMULATION

With this fip we simulate many cycles with different approach distances.

T T T T T T T
0.0
Eq= 0.016 eV 4
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Ll Eq= 0.049 eV T
> -
c -0.4
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) Es= 0.110 eV -
LL) -
o -0.6 } A |,rﬂ_‘]ié it n'w”
L i Il i
Eq= 0.498 eV 1
(O et ] ] ¥ Ve e — femii
I —— Approach ]
1.0 f i e Eq= 0.724 eV —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.05
z (nm)

. stochastic behaviour
. Tip chain formation
- No surface damage

. .. bui the fip degrades:

amorphous NaCl crystalline NaCl

=> chains > no dissipation
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SIMULATION

a

o

1R 5 A Many chains at close approach

S Infrequent chain formafion increases the
; overall dissipation,

bo5A Very tew chains far away
i 0 0.2 0.4 0.6 0.8
Ed (eV)
1.0 T T T T T T T T T T T T T T T T T T T
s | St 1 100 samples/point
%05- ol j 1000 samples/point
% Tl —&— Simulation 5 s
T - 7 400 samples/point
0.0 ~
1 | 1 1 1 ] 1
0.4 ) 0.0 0.2 0.4
Z (nm)

Simulated dissipation agrees with DFS:
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CONCLUSION

. SFS provides greatl insight in The dissipative processes

- DFS aufomaftically averages whatever process is happening

- We were able 1o simulate the same dissipative process usingl
sfarting from fhe fip formation

« Our tip is smaller than the veal one: degrades in fime:

. Good gquantitative agreement too:!

1.0 T T = P | e P 7 T Tl T Tl T | T
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0.5 : :
—&— Simulation

Eq(eV/cycle)

0.0




e P R P PR EEEERE e eEREE R R EE R e e eEeeeseEE

- We were able 1o simulate the same dissipative process using)
sfarting from fhe fip formation

« Our tip is smaller than the veal one: degrades in fime:

. Good gquantitative agreement too:!

1.0 T T = P | e P 7 T Tl T Tl T | T

—c—= SFY
e D) S

0.5 p :
—&— Simulation

Eq(eV/cycle)

THANK YO0U!

0.0
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