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Nano Force Metrology and Standards
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ABSTRACT

Small force measurements ranging from 1 pN to 100 uN, we call it Nano Force, become the questions of common
interests of biomechanics, nanomechanics, material researches, and so on. However, unfortunately, quantitative and accurate
force measurements have not been taken so far. This is because there are no traceable force standards and a calibration
scheme. This paper introduces a quantitative force metrology, which provides traceable link to SI (International Systems of
Units). We realize Sl traceable force ranging from 1 nN to 100 uN using an electrostatic balance and disseminate it through
transfer standards, which are self-sensing cantilevers that have integrated piezoresistive strain gages. We have been built a
prototype electrostatic balance and Nano Force Calibrator (NFC), which is an AFM cantilever calibration system. As a first
experiment, we calibrated normal spring constants of commercial AFM cantilevers using NFC. Calibration results show that
the spring constants of them are quite differ from each other and nominal values provided by a manufacturer (up to 240 %
deviation).
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Fig. 1 Photograph of electrostatic balance Fig. 2 Photograph of Nano Force Calibrator (NFC)
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Fig. 3(a): A micrograph of the Piezolever, SEM image is
shown in the inset
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Fig. 3(b): A micrograph of the reference lever, SEM image
is shown in the inset
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Fig. 4: Force-Deflection graph of a cantilever

_ Spring Standard Difference _
Cantilever # [Constant Deviation ((y)from nominal

(N/m) *Nalue (%)

1 341 0.66 240

2 0.31 0.55 -69

3 0.49 0.67 -51

4 2.32 0.60 132
Table 1 Calibration results of Piezolevers

. Spring Standard leference_

Cantilever # |Constant . from nominal
Deviation (%)
(N/m) value (%)
1 0.658 0.45 -7.5
2 0.701 0.59 -1.4

3 0.685 0.67 -3.5

4 0.655 0.64 -7.8

5 0.693 0.33 -2.5

Table 2 Calibration results of Reference Cantilevers
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Fig. 5 Force/Resistance characteristics of the Piezolever
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Fig. 6 Schematic of the prototype Nano Force Sensor
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