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A New Experimental Technique for Calibration of Frictional Force
in Atomic Force Microscopy
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Abstract

A new method has been proposed for the calibration of frictional forces in atomic force microscopy. Angle
conversion factor is defined using the relationship between torsional angle and frictional signal. Once the
factor is obtained from a cantilever, it can be applied to other cantilevers without additional experiments.
Moment balance equations on the flat surface and top edge of a commercial step grating are used to obtain
angle conversion factor. Proposed method is verified through another step grating test and frictional behavior

of Mica.
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Fig. 1 (a) On the detector, the laser spot moves the
location of 8, or 8, by torsion of cantilever from
the reference point. (b) Two Kinds of cantilever
with different tip height make different torsion
angle by the same friction force
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Fig. 2 () A schematic diagram and (b) an AFM image
of a commercial step grating. In the schematic
diagram, the step is vertical, but in an AFM
image, it is not
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Fig. 3 (a) The location on the tip which the maximum
signal happens. (b) The frictional signal and the
topography at each location. The maximum
signal does not happen at the end of tip

Fig. 4 The SEM image of the tip apex. The side line of
the tip is not straight at the apex
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Fig. 5 The twisted shape of the tip of cantilever (a) on
the flat surface and (b) on the top edge of the step

grating. &, is the torsion angle occurred by the
frictional force between the tip and the surface,
and 6, is the torsion angle occurred by the
maximum moment between the end of the tip and
the top edge of the step grating
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Fig. 7 The frictional signals at each normal force.
Because of different temperature and humidity in
each experimental environment (i.e. different
adhesive forces), the magnitude of the frictional
signals is different, but the tendency of the
signals is same
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Fig. 8 The maximum signals at each normal force on the
top edge of step grating. The tendency is linear
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Fig. 9 The torsion angles calculated by Eq. (11) and the
friction signals at each normal force. Because we
do not consider adhesive force in Eq. (11), the
torsion angle starts from the origin of the
coordinate axes but the friction signal does not
because of adhesive force

Table 1 Dimensions and torsional stiffnesses of each cantilever

k(N/m) L(um) W(um) t(um) k(oNm/rad)
k =039 100 20 0.8 1.77
k=0.76 100 40 0.8 3.53
ks =0.05 200 20 0.8 0.87
k=0.1 200 40 0.8 1.74

Table 2 Force conversion factors of each cantilever

Force Coversion Factor

ky (N/m) k. ('Nm/rad) (N/V)
ky=0.39 1.77 77
k=076 3.53 155
k3 =0.05 0.87 38
ks=0.1 1.74 75
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Table 3 Angle conversion factor calculated with step

grating of 100 nm height
Normal Force Angle Conversion Factor
(nN) (prad/V)
50 1425
70 146.3
90 151.4
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Fig. 10 The angle conversion factor at each normal force.
The angle conversion factor is converged
according to normal forces because of adhesive
force. At small normal force, the frictional force
is very large for adhesive force, but the torsion
angle then is very small because we do not
consider the adhesive force in Eq. (11). At large
normal force, because the effect of adhesive force
is very small, the angle conversion factor is
converged to the constant value which we want to

obtain
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Fig. 11 The results of tests performed by cantilevers with
bending stiffness of 0.76 N/m and 0.10 N/m on
Mica. The frictional coefficient calculated by
using cantilever with bending stiffness of 0.76
N/m is 0.086 and that calculated by the other is
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