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Summary

A nanometer, the unit of length associated with nanoscience, is one billionth of a meter. The
ratio of a nanometer to a meter is the same as that of one millimeter to the distance between
Worcester and Detroit.

Model

Abstract

Dozens of publications address the confounding problem of lateral force calibration. The existing techniques suffer from limitations including: i) repeated

measurements are necessary, thereby causing wear to the tip, ii) calibration is done on another cantilever other than the one that will be used in the experiment,

iii) specialized or expensive equipment is required, iv) the calibration is performed ex-situ, v) the method is time consuming, vi) a form for the frictional

dependence on load is assumed, and vii) the equilibrium diagrams of the forces acting on the tip are incorrect. We describe here a method that overcomes all of

these problems; it uses an easily available test sample with a continuously variable slope. The theory and proof-of-concept experimental data are shown below.

If confirmed as a robust approach, lateral forces will at last be tamed by simple, quick, and potentially accurate calibration.

Results

1. The qualitative results follow the predicted behavior.

2. It is a promising technique with few apparent limitations.

Future work

1. Optimize test sample for wear characteristics.

2. Start using known loads and do error analysis.

3. Test assumptions, including that of the small contribution by friction.
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Topography
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High load

R = 800 ��m
Si3N4 ball 

bearing

R = 150 ��m
Glass bead

R = 14 ��m
Glass pipette

Weak probe

R = 18 ��m
Glass pipette

Weak probe

R = 18 ��m
Glass pipette

Stiff probe

If the average lateral force and

the photodiode voltage are

linearly related, then the slope

of a plot of the average LFM

signal versus the calibration

function is the calibration factor

in V/nN. The slopes dz/dx and

dz/dy are determined from the

topographic images.

If cos �� » ��(dz/dx)/(1+(dz/dx)2)½, then friction drops out of the expressions

for the average lateral force, Flat. They simplify to the following equations

for these five common geometries:

The normal force N, adhesion A, and friction f act on the tip of the probe

from the sample; the cantilever applies forces Fperp, Flong, and Flat. We seek

expressions for Flat, which is equal and opposite to the sum of the

components of N, A, and f acting in the x-direction. Equilibrium is

assumed. The directional lateral forces Flat ± for the wedge are found first.

Above: Raw data from the various samples that were tried.

Below: Three-dimensional renderings of the average of the high-load LFM

images taken on a conical glass pipette with a stiff probe. A five-point

smoothing function was applied.
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Wedge:

Cylinder:

Half cone:

Sphere:

Full cone:

f = �±��(N+A) v =      ��(N+A)  i + (dz/dx) k

(1+(dz/dx)2)½

Fload = [Fperp �±(3h/2L) Flong ] = kc �ûz/cos �N
G  = [cos �N�±(3h/2L) sin �N]

^ �“

Flat =            �±Fload (dz/dx)

(cos �%�����*�¶���������G�]���G�\�������F�R�V3�%�����+�¶

�*�¶��� ���>�F�R�V�����N�±�%) �±(3h/2L) sin (�N�±�%)]

�+�¶��� ���>�V�L�Q(�N�±�%) + (3h/2L) cos (�N���±�%)]

Flat =       �±Fload (dz/dx)

G + (dz/dy) (cos2�%) H

Flat =  �±Fload (dz/dx)

G + (dz/dy) H

H  = [sin �N+ (3h/2L) cos �N]

Flat = �±Fload tan ��
G

Flat = �±Fload (dz/dx)

G

The above data were

cropped to eliminate start-

up artifacts, then plotted

versus the cone calibration

function, given on the left-

hand side of this poster.

Most of the 55,296 points

fall along a line with a slope

of 0.0158. The outlying

points correspond to the

noise spikes seen above.

y = 0.0158x + 8.0213
R2 = 0.7617
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