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Optimal position estimation of AFM tip based on stochastic approach

Yuan Shuai'”, Yao Xiao', Luan Fangjun', Guo Song', Feng Jiyuan'

(1. School of information and control engineering, Shenyang Jianzhu University, Shenyang 110168, China;
2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Due to nonlinearity, system temperature drift and other uncertainties of PZT ( PbZiTiO3 ), there exists uncertainty for the
position of AFM ( Atomic Force Microscopy) tip in the task space. It seriously affects the observation and operation efficiency of AFM
tip. Thus, to reduce the uncertainty of tip position, and achieve precise positioning becomes an urgent issue to be solved. Firstly, this
work represents the uncertainties of tip position in the task space by using the probability distribution. Then, tip motion model is
established , and local scan based observation model is combined to estimate optimal tip position by using the Kalman filter. In addition,
a model parameter calibration scheme is designed to implement the proposed method. The validity and feasibility of the algorithm are
verified by the simulation and experimental results. AFM tip precise positioning can be realized in the task space, and the efficiency of
nanomanipulation can be improved.
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Fig.1 Tip location strategy based on stochastic method
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based on stochastic method
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Fig.9  Control schematic diagram of AFM tip motion
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Table 1 Tip position distribution table under no landmarks (pm)
15 B M6
My My oy g, My My O g,
X -1.245 1.316 0.013 0.016 -1.333 1.435 0.014 0.018
Xy —1.245 -1.381 0.013 0.021 -1.346 -1.324 0.014 0.024
xg 1.031 -1.434 0.018 0.021 1.087 -1.374 0.021 0.025
x2 BREUANTREWHEES R
Table 2 Tip position distribution table under landmarks (um)
P B SEH R M
Moy My Ty gy Moy My Ty gy
N —-1.245 1.316 0.013 0.016 -1.321 1.472 0.015 0.017
X —1.245 -0.645 0.013 0.020 - - - -
X, 0.239 -0.7 0.016 0.020 -0.016 -0.603 0.017 0.019
X3 0.802 -0.701 0.006 0.020 - - - -
X3 1.22 -0.701 0.006 0.020 - - - -
Xy 1.225 -0.407 0. 006 0.020 - - - -
Xs 0. 804 -0.371 0.008 0.020 0.790 - 0.005 -
X, hp 0.771 -0.682 0.008 0.006 - - - -
Xg 0.764 -0.985 0. 008 0. 006 0.781 - 0.009 -
Xy 0.761 -1.431 0.008 0.008 - - - -
xg 1.101 -1.471 0.009 0.008 1.174 -1.499 0.009 0.008
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