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Proper Orthogonal Mode Extraction of AFM Microcantilevers in Dynamic Mode
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ABSTRACT

Proper orthogonal decomposition(POD) is a method for extracting bases for modal decomposition from the ensemble of signals.
We verified the connection of the proper orthogonal modes(POMSs) and the linear normal modes(LNMs) through MATLAB
simulation for the simple cantilever and AFM microcantilever models. Using the POMSs, we can analyze and model effectively the

dynamic mode of AFM microcantievers.
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Fig. 1 Cantilever beam
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Fig.2 The first five LNMs of an undamped
cantilevered beam are plotted with solid lines, ‘-’
The corresponding POMs are plotted with
symbols, “**. (a) 1% mode, (b) 2" mode, (c) 3"
mode, (d) 4™ mode, (e) 5™ mode.

Table. 1 Constants and properties of AFM microcantilever
(OLYMPUS™ OMCL-AC240TC)

Description OMCL
Tip radius (nm) 10
Tip height (um) 14
Cantilever thickness (um) 2.8
Cantilever length (um) 240
Cantilever width (um) 30
Spring constant (N/m) 1.8
Resonant frequency (kHz) 70
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Fig. 3 The first five LNMs of an undamped AFM’s
microcantilever are plotted with solid lines, ‘-’
The corresponding POMs are plotted with
symbols, “**. (a) 1% mode, (b) 2" mode, (c) 3"
mode, (d) 4" mode, (e) 5" mode.
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Fig. 4 Measured real-time tip deflection signal, (a) x =
24 x 10°m, (b) x = 72x10°m, (c) x = 120 x 107
m, (d) x =168 x 10°m, (e) x = 216 x 10°m.
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Fig. 5 The first five LNMs of an AFM’s cantilevered

beam are plotted with solid lines, ‘-’. The
corresponding experimental POMs are plotted
with symbols, “*. (a) 1*mode, (b) 2" mode, (c)
3“mode, (d) 4™ mode, (e) 5" mode.
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