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Abstract In this paper, the amplitude and 

phase response of the microcantilever in the tapping 
mode atomic force microscopy is investigated as a 
function of excitation frequency, free oscillation am-
plitude, and tip-sample separation distance. For this 
purpose, the influence of the excitation frequency on 
the transition occurring in the amplitude-phase-
separation curves is analyzed by taking into consid-
eration, three vibration modes. The obtained results 
show that at the excitation frequency close to reso-
nance, the participation of higher modes in the re-
sponse is negligible, and accounting for only one 
mode in the response is sufficient. Moreover, in-
creasing the excitation frequency a little over the 
resonance frequency causes the shifting of the transi-
tion location toward smaller separation distances 
and finally to no separation; while, lowering the exci-
tation frequency around the resonance results in the 
displacement of the jump's location toward larger 
separation distances. To investigate the influence of 
the free oscillation amplitude on transition, the share 
of only one mode in the response is considered. The 
results indicate that, depending on the value of the 
free oscillation amplitude, the jump either has a 
steplike discontinuous shape or a smooth continuous 
one. Also, by increasing the free oscillation ampli-
tude, the transition occurs at a larger separation. 
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I. INTRODUCTION 
Since the invention of the Tapping Mode Atomic Force 
Microscope (TMAFM), it has attracted a great deal of 
attention in a vast range of applications. One of the rea-
sons for the TMAFM's popularity is that it causes less 
damage to the soft tissues and biological samples during 
the scanning process (García and Pérez, 2002). The ba-
sis of the TMAFM's operation is the monitoring and 
control of the dynamics of the tip attached to the end of 
a flexible microcantilever, which interacts with the 
sample surface. Having a correct understanding of the 
tip-sample interaction regimes is very important in ob-
taining high-precision images and reliable data. Gleyces 
et al. (1991) were among the first researchers who 
demonstrated, experimentally and theoretically, the bi-
stable behavior of the vibrating tip motion near the 
sample surface. Anczykowski et al. (1996), by using the 

MYD/ BHW model for the calculation of interaction 
forces, numerically simulated the high-amplitude dy-
namic response of the cantilever as a function of the tip-
sample separation, and analyzed the hysteresis effects at 
different excitation frequencies. Tamayo and Garcia 
(1996) described the general characteristics of the tap-
ping mode operations of the scanning force microscope 
and in this regard, they calculated factors such as force, 
deformation, and contact time as a function of tapping 
frequency, amplitude damping, and the sample's elastic 
and viscoelastic properties. Kühle et al. (1997) present-
ed experimental and theoretical results that emphasized 
on the effective role of attractive forces in the behavior 
of the tapping mode atomic force microscope. Marth et 
al. (1999) investigated the experimental effects of the 
TMAFM (i.e., hysteresis and distortions of imaging), 
and by examining the phase space, they concluded that 
the common cause of all those effects is the bistable be-
havior of the cantilever motion under specific condi-
tions. Garcia and San Paulo (1999) studied the attractive 
and repulsive regimes of the tip-sample interactions as a 
function of the tip-sample separation distance, free os-
cillation amplitude, and the properties of the sample, 
and proposed a definition for them in terms of the aver-
age forces. In another work, to get a better understand-
ing of the TMAFM's operation, they investigated the 
experimental dependence of the amplitude on the tip-
sample separation (García and San Paulo, 2000). They 
also provided a general scheme for the identification, 
classification, and the understanding of the features ob-
served in the experimental curves, which is very useful 
for improving the imaging contrast in the dynamic 
AFM. In San Paulo and García (2002), they proposed a 
theoretical method for the study of the tapping mode 
atomic force microscopy, which is valid for any type of 
force interaction. They also showed that the combined 
participation of the attractive and repulsive interactions 
brings about the multi-value nature of the resonance 
curve, which creates the conditions for the coexistence 
of two stable oscillatory states for some excitation fre-
quencies. The coexistence of the two oscillatory states 
depends on the properties of the sample (e.g., modulus 
of elasticity, adhesive force, and non-conservative inter-
actions), and also on the operating parameters (e.g., free 
oscillation amplitude, and the cantilever's spring con-
stant) (San Paulo and García, 2002; Chen et al., 2000). 
Through theoretical, computational and experimental 
analysis, Lee et al. (2002) analyzed the nonlinear char-




