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A learning-control system for
advanced atomic-force-microscopy scanning mode

FANG Yong-chun, ZHANG Yu-dong, JIA Ning

(Institute of Robotics and Automatic Information System, Nankai University, Tianjin 300071, China)

Abstract: Atomic-force-microscopy(AFM) is an important instrument for nanoscale measurement and manipulation.

This paper proposes a learning-control advanced scanning mode for an AFM system. Specifically, a learning-control

scheme is designed for the AFM system, which consists of an optimal inverse compensator for the AFM scanner dy-

namics and a learning algorithm dealing with the surface profile of the detected sample. Based on the observation of

the offset among neighboring scanning lines, the aforementioned learning-control scheme combined with a conventional

proportional-integral(PI) controller realizes the advanced AFM scanning mode. The designed scanning mode is then uti-

lized for periodic samples to test its performance. As demonstrated by simulation and experimental results, this scanning

mode can greatly increase the measurement speed and precision, and simultaneously keep the distance between the can-

tilever tip and the detected sample within a reasonable range to avoid possible harm to them. Therefore, the proposed

advanced scanning mode can be employed for online inspection of fast biologic processes, and it can also be utilized to

implement such nanomanipulation as repetitive writing.
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2 (Structure of AFM
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Fig. 1 AFM system structure
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3 AFM (Design of ad-

vanced AFM scanning mode)
3.1 (Research motivation)
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3.2 (Design of control algorithms)
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, , zd ∈ R
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zd(t) = d(t) + hd, (2)

: hd ∈ R
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1 Vsp:

Vsp = K · hd, (3)

K ∈ R
+ AFM

. zd,

z(t) :

lim
t→∞ z(t) = zd(t), (4)

h(t) :

lim
t→∞h(t) = hd. (5)
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Fig. 2 Block diagram of AFM learning control system
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G(z) =
−0.00011z4 + 0.001512z3 + 0.01062z2 + 0.01057z − 0.0008574

z5 − 0.9979z4 − 0.6761z3 + 0.6541z2 + 0.5269z − 0.3975
. (6)
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3.3 (Learning-

based high-speed scanning mode)
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4 (Simulation results)
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Fig. 3 Simulation result of learning control mode

(a)

(b)

4 PI

Fig. 4 Simulation result of PI control mode

5 (Experiment and applications)
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Fig. 5 Experiment result of learning control

6 (Conclusion)
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