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Abstract — Atomic force microscopy (AFM) has been used for imaging surfaces and measuring surface forces
at the nano-scale. Force calibration is important for the quantitative measurement of forces at the nano-scale
using AFM. Normal force calibration is relatively straightforward, whereas the lateral force calibration is more
complicated since the lateral stiffness of the cantilever is often comparable to the contact stiffness. In this work,
the lateral force calibrations of the rectangular cantilever were performed using torsional Sader’s method, thermal
noise method, and wedge calibration method. The lateral optical lever sensitivity for the thermal noise method
was determined from the friction loop under various normal forces as well. Experimental results showed that the
discrepancies among the results of the different methods were as large as 30% due to the effect of the contact
stiffness on the lateral force calibration of the cantilever used in this work. After correction for the effect of con-
tact stiffness, all the calibration results agreed with each other, within experimental uncertainties.
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50 um

Fig. 1. Confocal microscopy images of the rectangular
cantilever: (a) top view and (b) front view.
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Table 1. Cantilever specification
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Fig. 2. Torsional thermal noise graph of the cantilever
with SHO model fit.
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Table 2. Parameters for torsional Sader’s method and calibration result

Torsional resonance
frequency, f; (kHz) Or

Quality factor, Torsional spring constant,
ko) suier (NNmM/rad)

Lateral spring
constant, A sqr (N/m)

Lateral optical lever
sensitivity OLS;, (V/um)

2413 125.5

2.96+0.05

12.7£0.2 11742
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