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Estimation of the regression equation of critical force in the first phase of two-
dimensional manipulation

M. Taheri
F. Ghane

Department of Manufacturing Engineering, Arak University, Arak, Iran
Department of Manufacturing Engineering, Arak University, Arak, Iran

Abstract

Nanomanipulation using an atomic force microscope (AFM) enables precise control and characterization of nanoparticles at the
nanoscale. This study focuses on the initial phase of manipulation, where the critical force and critical time are key parameters
governing the accurate positioning and orientation of nanoparticles. A design of experiments (DOE) framework comprising 27
experimental runs was employed to investigate the influence of the AFM cantilever’s dimensional parameters on the critical
manipulation force. The collected data were analyzed using analysis of variance (ANOVA) and response surface methodology
(RSM), and an empirical regression model was developed accordingly. The model exhibited a high reliability of 94.16%,
demonstrating strong predictive capability. Among the examined parameters, the cantilever thickness was identified as the most
influential factor affecting the critical force. These findings provide valuable insights for optimizing AFM-based nanoparticle
manipulation processes in nanotechnology applications.

Keywords: Critical force, Nanomanipulation, cantilever dimensional parameter, atomic force microscope, Design of Experiment,
Regression equation
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% Cytoskeleton
? Optical manipulation
* Scanning probe microscopy (SPM)
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