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AM-AFM (aka Tapping Mode, IC mode)

Z approach
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Key points
 Drive frequency is always fixed ω, usually   
near ω0
 During approach A, φ change due to         

tip-sample interaction forces
 During scan φ is a free variable and          

changes naturally while scanning

A, φ’
A, φ’’



 When                           
attractive force          
and natural                  
frequency decreases
 When             rep.       

regime and natural       
frequency increases
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Linearization valid when A<<slope/curvature
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Typical tuning curves near the sample
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 Si tip / HOPG sample z=90 nm, frequency sweep

Lee et al, Phys Rev B (2002)

 In reality the tuning curves are  
not what linearized analysis would 
suggest 



Linear vs. nonlinear tuning response
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Physical mechanisms

Z=2 nm
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n Total potential energy from interaction + beam 
elasticity

n Number of equilibria changes with Z
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Physical mechanisms

 Softening nonlinearity van der Waals forces (attractive)
 Hardening nonlinearity  sample elasticity (repulsive)

Z=2 nm

0 2 4 6 
0

5

10

To
ta

l p
ot

en
tia

l e
ne

rg
y 

(e
V) Z=5nm

0 2 4 6 8 10
0

50

100

η* (nm) 
Natural (fund) freq

A

Natural (fund) freq

A
Softening 
Backbone!

Softening-hardening
Backbone!

Exc. Freq (Ω)

A
A

Exc. Freq (Ω)

Potential well Free oscillations Forced response

Raman et al, Proc. Roy. Soc. London (2003)



Implications for AM-AFM
 Consider the following dynamic approach  retract curves using VEDA    

(parameters following example in Garcia and Perez)
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 Identical amplitude at 2 different Z values!!
 One in net repulsive force and another with  

net attractive force
 Switching between these two states during a 

scan causes artefacts



 In attractive regime, phase lag is greater   than   
90 degrees while in repulsive regime it is less than 
90 degrees

Recognizing attractive and repulsive regimes
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 Soft cantilevers, small      
amplitudes-> more             
attractive regime
 Stiff levers, larger           

amplitudes -> repulsive      
regime

Attractive-repulsive 
instability
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Attractive-repulsive instability
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 Please Read Garcia and Perez in the   
reader
 VEDA for tuning and dynamic             

approach curves

Next time
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 When                           
attractive force          
and natural                  
frequency decreases
 When             rep.       

regime and natural       
frequency increases
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Linearization valid when A<<slope/curvature
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Linear vs. nonlinear tuning response
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