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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
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Fig. 1 (@) The location on the tip which the maximum
signal happens. (b) The frictional signal and the
topography at each location.
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Table | Dimensions and torsional stiffnesses of each
cantilever

ke(N/m) L (um) W (um) t(um) k(nNm/rad)
k; =0.39 100 20 0.8 177
k,=0.76 100 40 0.8 353
ks =0.05 200 20 0.8 0.87
ky=0.1 200 40 0.8 1.74

850

Table |l Force conversion factors of each cantilever

Force Coversion Factor

ko (N/m) (NNIV)

k. ("Nm/rad)

ky = 0.39
kz =0.76
k3 =0.05
k,=0.1

177
3.53

0.87
174

77
155

38
75
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Table |11 Angle conversion factor calculated with
step grating of 100 nm height

Normal Force  Angle Conversion Factor

(nN) (wrad/V)
50 142.5
70 146.3
90 151.4
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Fig. 7 The angle conversion factor at each normal
force.

k,=0.76 N/m, 1=0.086, R*=0.983
k,=0.10 N/m, p=0.081, R*=0.997

Friction Force (nN)
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Fig. 8 The results of tests performed by cantilevers
with bending stiffness of 0.76 N/m and 0.10 N/m on
Mica.
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