
ME597/PHYS57000
Fall Semester 2009

Lecture 21

Frequency Modulated AFM



Note: FM means Frequency Modulation, NOT Force Modulation
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d=d*δ=d*-z

zpiezo= z+constant

Fts

piezo

How to finely control Fts(z) ?

How to measure Fts(z) ?

What benefits are gained?

Questions

Answer: Focus on the frequency, not the amplitude!

A(t)=Aosin(ωt)



Energy

Displacement 
from 

Equilibrium

Etot

2 clicks

Oscillations in quadratic potential well 
(no energy loss)

2
1

1
2

E k z=

0



How much energy is stored?
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The Simple Harmonic Oscillator 
(SHO)                                                   

is really simple!
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Isochronous! 

Conservation of Energy
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Position

Etot

1 click

Oscillations in quadratic 
potential well with damping

loss mechanism?

energy loss 
per cycle
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Damped Oscillator



Non-linear symmetric oscillator; no damping                                                    
[ V(z)=V(-z) ]

2 4
1 3

3
1 3

1 1( )
2 4

V z k z k z

F V k z k z

= +

≡ −∇ = − −

Symmetric Potential

0

5

10

15

-2.0 -1.0 0.0 1.0 2.0

Displacement from Equilibrium (nm)

St
or

ed
 P

ot
en

tia
l 

En
er

gy
 (e

V)

“hard” springk1= 1.0 N/m

k3=8E16 N/m3
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Non-linear Symmetric Oscillator



Non-linear Antisymmetric Oscillator
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Non-linear antisymmetric oscillator;  no damping
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Non-linear Antisymmetric Oscillator



Antisymmetric Potential
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The problem at hand
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keff
Interaction 

Force

kc

How does frequency change as d* decreases?

kts

The tip-substrate spring is a 
different type of spring!
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What’s the frequency shift?
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Putting in some numbers
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kc=40 N/m;   R=10 nm
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B. Large amplitude

Probing the Interaction Potential 
(schematic)

large 
amplitude

anharmonic 
well

d=d*

A. Small amplitude 

decrease 
separation

harmonic 
well of 

cantilever

d=d*Interaction 
Energy

Interaction 
Energy



0.0

0.5

1.0

-1.0 -0.5 0.0 0.5 1.0

z/zmax

t /
 T

anharmonic 
well

d=d*

Large amplitude

Interaction 
Energy



Parameters:

k= 5 N/m

ao= 0.3 nm

H= 4E-20 J

R= 10 nm

E*=20 GPa
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How to determine Fts(z)  from Δf(z) 
for arbitrary amplitude of oscillation?

J. E. Sader and S. P. Jarvis, Appl. Phys. Lett. 84, 1801 (2004).
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