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Abstract--Manipulation and relocation of particles at the
nano- and microscale using Atomic Force Microscopy (AFM)
is recognized as one of the advanced techniques in
nanotechnology, commonly referred to as nanomanipulation.
This process consists of two main stages: the initial phase and
the second phase. One of the key factors in enhancing the
accuracy and efficiency of this process is minimizing the
critical manipulation time. Therefore, identifying and
analyzing the factors affecting this time is significant. In this
study, the effect of the dimensional parameters of the AFM
cantilever including thickness, width, and length of the
cantilever, as well as the tip radius and height on the critical
time of nanomanipulation is investigated. For this purpose,
design of experiments and Response Surface Methodology
(RSM) are employed to analysis data and the development of
a mathematical model. The regression model derived from
the experimental data demonstrates a prediction accuracy of
91.04%, indicating a high level of reliability. The results
reveal that among the parameters studied, cantilever
thickness has the most significant impact on critical time.
keywords : Cantilever dimensional parameter, regression,
critical time, design of experimental.

1- Introduction

Nanomanipulation is one of the leading fields in
nanotechnology, made possible by using atomic force
microscopy, and has provided a new platform for
manipulating structures at the nanometer scale. Over the
past decades, this technology has undergone significant
advances, such that today it has found numerous
applications in advanced industries, medical technologies,
including cancer treatment, and electronic systems.[1-15]

Atomic force microscopy is the tool used in this
process. With the help of this tool, it is possible to identify
and measure the mechanical properties of nanoparticles. In
addition, nanoparticle manipulation is carried out in two
phases. In the first phase of this process, force and critical
time are two factors affecting nanoparticles. High amounts
of these two parameters can damage nanoparticles and
ultimately lead to process failure.

The overall process conducted in this study is illustrated
in Figure 1.
Therefore, with the increasing development of this
process, the need for a deep understanding of the factors
affecting the accuracy, stability, and efficiency of
nanoscale operations has doubled, paving the way for
performance optimization and increased productivity. In
this article, considering the above points, the effect of
dimensional parameters on the critical time of
manipulation has been investigated.
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Fig. 1. Graphical abstract of process

2- Modeling

The movement and manipulation of micro and nano
particles is known as manipulation. Nano particles are
examined using an atomic force microscope. This
microscope is a well-known tool for recognizing and
identifying nanoparticles. During the manipulation
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process, the microscope cantilever applies a force to the
nano particle. Overcoming force applied by the cantilever
overcomes the friction force, the particle begins to move.
This process continues until the particle reaches the
desired position. The manipulation process consists of two
phases. Force and critical time are two important
parameters in the first phase that have a significant impact
on the orientation of the particle.

3- Results

A. Analysis of variance

Analysis of variance (ANOVA) showed that the thickness,
width and length of the pole, the height and the radius of
the tip into the liquid had a significant effect on the
response variable. The regression model explained a large
part of the variation in the response, and the adjusted and
predicted coefficient of determination values confirmed
that the model was reliable in explaining and predicting the
results.

To check the suitability of the model, residual analysis
was performed. The results showed that the residuals
followed a normal distribution and there was no clear
pattern in the residual plots. This means that the
assumptions of constant variance and independence of
errors were met. Overall, these results confirmed that the
model was suitable for analyzing the effect of the tested
variables on the response. The extracted regression
equation can be seen in Equation 1.

T, = 0539 — 0.5733T — 0.00439 W +
0.001044 L + 0.02500 H + 0.00489 Rt

1)
B. Sensitivity analysis results

To evaluate the interactive effects of various process
parameters on critical time, a series of three-dimensional
response surface plots was analyzed. Figure 2 presents the
effect of these parameters on the critical force during
manipulation. The results consistently reveal that
increasing cantilever thickness leads to a reduction in
critical time across multiple parameter combinations.
Cantilever width also shows a negative influence, whereas
cantilever length generally has a positive effect, increasing
the critical time. These trends are clearly reflected in the
slopes of the plots, indicating the significant and opposing
effects of these parameters.

Additional interactions highlight the role of tip-related
parameters. Tip height and tip radius both exhibit a
positive relationship with critical time, while cantilever
width consistently shows a negative influence. When
variables such as cantilever length and tip height or radius
are combined, their effects on critical time are additive and
positive. Overall, the response surfaces demonstrate clear
patterns of influence, providing insight into how
combinations of cantilever and tip dimensions interact to
affect critical time.
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Fig. 2. Simultaneous effect of parameters on critical time
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4- Conclusion
In this study, considering the significance of critical time
in the first phase of manipulation, the dimensional
parameters of the cantilever and the microscope tip were
investigated. Initially, 27 experiments were conducted,
with three different levels for each parameter.
Subsequently, the impact of these variables was assessed
using analysis of variance (ANOVA). A regression model
was developed based on the collected data. The conducted
analyses estimate the reliability of the model to be 91%,
confirming its suitability for prediction. Finally, the effect
of the parameters on the critical manipulation time was
analyzed separately wusing the response surface
methodology. The results obtained from the three-
dimensional response surface plots indicate that the
cantilever thickness can cause significant variations in
critical time.

These findings can serve as a foundation for predicting
and optimizing conditions in similar processes and can be
expanded upon in future research.
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