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AM-AFM (aka Tapping Mode, IC mode)

Z approach

A, φ 

Ainit , φ init

~h

h

Scanning

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’’
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Response of acoustically excited levers

 ω0 is the natural freq, ω is the drive freq 
 Maximum amplitude occurs when ω>ω0!
 Base motion amplitude at r=1 is  A/Q!



 For Q=100, see response above
 Asymmetric peak, amplitude greater 

when ω>ω0
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Response of acoustically excited leversResponse of acoustically excited levers
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Response of directly excited AFM levers

Magnetic 
force 
Fmag(t)

 ω0 is the natural freq, ω is the drive freq 
 Maximum amplitude occurs when ω<ω0!
 For ω<<ω0 A=Fmag/k!



 Asymmetric response with greater    
amplitude when ω<ω0!
 Classical phase response
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Response of directly excited AFM levers



 Highly nonlinear ordinary differential equation

Driven point mass model with tip-sample      
interaction

7

Magnetic 
force 
Fmag(t)

x(t)

Z
d(t)=Z+x(t)

( )2
00

0
0

0

2 2 2
0 00 0 0

( ) ( ( ))

1 1 ( ) ( ( )) ;

,

( )
( ) sin( )

( ( ) ( ))1 1

mag ts

mag ts

mag

ts

Magnetic
mx kx cx F t F Z x t
x x x F t F Z x t

Q k

mkwith Q
m c

Measured motion x t
F t F t

Acoustic excitation
F Z y t x tz yz z y

Q Q

ωω

ω
ω

ω

ω ωω ω ω

= − − + + +

+ + = + +

= =

=

=

+ +
+ + = − − +

 











Linearized analysis
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 When                           
attractive force          
and natural                  
frequency decreases
 When             rep.       

regime and natural       
frequency increases
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Linearized analysis
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 For what driven oscillation amplitude   
is this approximation valid?


Limitations of the linearized analysis
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Experiments with conventional tips  
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 Si tip / HOPG sample z=90 nm, frequency sweep

Lee et al, Phys Rev B (2002)

 When brought closer to sample the tip              
sometimes sticks to the sample



Physical mechanisms

Z=2 nm
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Physical mechanisms

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

Z=2 nm
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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)

14



 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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